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ON THE EXTRACTION OF A SUBSTANCE FROM THE 
SPERM OF A SEA-URCHIN (STRONGYLOCENTROTUS 
PURPURATUS) WHICH WILL FERTILIZE THE EGGS 
OF THAT SPECIES. 


By T. BRAILSFORD ROBERTSON. 


(From the Rudolph Spreckels Physiological Laboratory of the University of 
California.) 


(Received for publication, March 14, 1912.) 


From time to time various unsuccessful attempts have been 
made to extract a substance from sperm which will fertilize eggs of 
the same species. All of these attempts, as Loeb has pointed out,! 
have either been unsuccessful or else open to the criticism that live 
sperm were present or that the sea water in which the extract 
was dissolved was hypertonic or hyperalkaline and thus brought 
about artificial parthenogenesis. 

I have recently succeeded in extracting a substance from the 
sperm of Strongylocentrotus purpuratus, which is capable of ferti- 
lizing the eggs of that species, by a method which is not open to 
these criticisms. In my first experiment I proceeded as follows: 

Eighteen testes from mature males of Strongylocentrotus pur- 
puratus were immersed in 65 cc. of distilled water and allowed to 
stand in ice for two or three days. Tothis mixture were then added 
165 ce. of distilled water. The total volume of the mixture was 
now 340 cc. To this mixture were added a few cubic centimeters 
of ether in order to complete the cytolysis of the cells and the mix- 
ture was allowed to stand at room temperature for about one 
hour, being thoroughly shaken from time to time by hand. To 
this were then added 40 ce. of 3 NaCl, thus rendering it isotonic 
with sea water, and the mixture was then shaken very thoroughly 


1 J. Loeb: Die chemische Entwicklungserregung des tierischen Eies, Berlin, 
1909. 
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and allowed to stand at room temperature over night. The 
following morning the mixture was again shaken and then very 
thoroughly centrifuged until a perfectly clear fluid layer was 
obtained, floating above the residue. This clear, brownish fluid, 
upon which were floating a few fragments of connective tissue, 
was then filtered. Filtration was very rapid and a clear, brownish, 
very slightly opalescent filtrate was obtained of which the volume 
was 200 cc. To this were added 600 cc. of acetone. A copious 
flocculent precipitate resulted which was collected on a hardened 
filter, washed in 500 cc. of alcohol twice, and then twice in 500 ce. 
of ether? and then left to dry over H2SO; in an incubator at 36° 
for twelve hours. 

The product was a pale violet, lightly caked powder. It was 
pulverized and sifted through a very fine sieve and then dried 
further over HoSO, at 37° for three days. About 1 gram of mate- 
rial was obtained. 

One-quarter gram of this material was rubbed up to a paste with 
a little filtered sea water and the volume was then made up to 50 
cc. with sea water and the mixture thoroughly stirred and allowed 
to stand at room temperature for one hour. A considerable pro- 
portion of insoluble residue which was purple in color remained; 
this was centrifuged off and a clear, pale yellowish, slightly opales- 
cent fluid was obtained. This fluid was diluted to one, one-half, 
one-fourth and one-sixteenth with sea water. 

To 2 cc. of each of these mixtures were added 2 drops (A) of the 
the ripe eggs of Strongylocentrotus purpuratus which had not under- 
gone previous treatment of any kind save that of washing in sea 
water or (B) of the eggs of the same female which had been pre- 
viously treated by four minutes’ immersion in 3 SrClz. The follow- 
ing were the results obtained: 


2 These washings were conducted within the incubator over H,SQ, in order 
to avoid the deposition of atmospheric moisture upon the filter. The same 
remark also applies to the preparations described below. 
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DILUTION OF 


THE ORIGINAL EFFECT ON EGGS NOT PREVIOUSLY EFFECT ON EGGS PREVIOUSLY TREATED 
SOLUTION OF TREATED WITH SrCle 
SPERM EXTRACT 





1 Distinctspherical membranes In twenty minutes distinct 
on a number in fifteen min- spherical membranes on 100 


utes. In forty minutes 100 per cent. 

per cent have formed mem- 

branes. 

In forty-fiveminutesnomem- .In seven minutes membranes 

branes had formed. beginning in several. In 

thirty minutes 30 per cent 

have membranes. In 40 min- 
utes, 44 per cent. 


wi 


4 In forty-five minutes no Inthirty minutes about 30 per 
effects. cent have perfect spherical 
membranes. 
$ In forty-five minutes no Inthirty minutes several have 
effect. perfect membranes. 
vs In forty-five minutes no In fifteen minutes blisters or 
effect. thin membranes on many of 


the eggs. 


A repetition of the experiment yielded identical results. 
| From these results I was at first inclined to conclude that I had 
succeeded in extracting the fertilizing agent from sperm. My 
colleague, Dr. A. R. Moore, however, who repeated these experi- 
ments’ and confirmed them, pointed out to me that the membranes, 
' at any rate those which were formed by unsensitized eggs, were 
certainly not true fertilization membranes, for they were permeable 
to sperm and, after a considerable delay, the true fertilization 
membrane was formed by sperm underneath them. They ap- 
peared, therefore, to be formed by a modification of the zona 
pellucida of such a nature as to render it readily visible, and to 
be analogous to the ‘ Pseudo-membrane” described by Loeb.‘ 
This conclusion received further support from the fact that the 
eggs upon which these pseudo-membranes had been formed did 
not undergo cleavage upon standing. 
From numerous experiments upon the fertilization of eggs by 


+ Employing sperm, not spermaries. 
‘J. Loeb: Arch. f. d. ges. Physiol., exxiv, p. 48, 1908. 
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sera I have gathered the impression that the formation of pseudo- 
membrane is a process closely connected with that of true mem- 
brane-formation.’ Moreover these extracts agglutinated the eggs 
and I have found that agglutination frequently accompanies fer- 
tilization. It accordingly appeared to me quite possible that sperm 
extract prepared in the above manner contained a trace of the fer- 
tilizing agent but that some detail in the method of extraction was 
' responsible for its incompleteness. 

In seeking for a reason for my failure to completely extract 
the fertilizing agent from sperm it occurred to me that the fertiliz- 
ing agent in blood-sera is precipitated or at any rate rendered 
sparingly soluble by calcium salts.6 If, therefore, as seems very 
probable, the fertilizing agent in sperm is identical with that which 
is found in blood-sera, the presence of calcium salts in the fluid 
employed to extract the fertilizing agent might be expected to 
hinder or even altogether prevent the extraction. Now the sperm, 
in the experiments described above and in Dr. Moore’s experi- 
ments, were suspended in sea-water and distilled water was added 
to this suspension in order to cytolyze them, consequently the fluid 
employed to extract the fertilizing agent contained calcium salts 
derived from sea-water. It therefore appeared possible that the 
associated sea-water was responsible for the failure to completely 
extract the fertilizing agent. This deduction I was able to confirm 
in the following manner: 


A. The sperm of sixteen purpuratus males, thickly suspended in sea- 
water, were dropped into 100 cc. of distilled water to which had been added 
a few cubic centimeters of ether. This mixture stood on ice for two days and 
at room temperature for some hours, being shaken from time to time. The 
total volume of the mixture was 190 cc. To this were then added 18 cc. of °™ 
NaCl and afew more cubic centimeters of ether. The mixture was shaken 
well and allowed to stand at room temperature for twelve hours. The mix- 
ture was then centrifuged and the supernatant fluid filtered. The volume of 
the filtrate was 128 cc. Tothis were added 64 cc. of 7 per cent BaCl. and the 
mixture was centrifuged. A copious membranous white precipitate settled 
to the bottom of the centrifuge tubes. This precipitate was drained thor- 
oughly, then suspended in 200 cc. of 2 per cent BaCl, and centrifuged again. 





5 Thus a sample of undiluted blood serum, isotonic with sea-water, which 
failed to fertilize sea-urchin eggs will, nevertheless, after one to two hours, 
frequently cause the appearance of ‘‘pseudo-membrane”’ upon the eggs. 

6 Cf. T. Brailsford Robertson: This Journal, xi, p. 339, 1912. 
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The precipitate, after draining thoroughly, was stirred up rapidly in 100 cc. 

of 7 HCl for one hour. Little or none of the precipitate appeared to dis- 

solve. To this mixture was added 5 cc. of 10 per cent Na2SO,, the mixture 

was then centrifuged and the fluid filtered. To the filtrate, which contained 

no barium, were added 400 cc. of acetone; no precipitate resulted, the mixture 

remaining perfectly clear. On standing overnight a very small trace of a 
‘ flocculent precipitate settled out, which was too small to collect. 


From this experiment we may conclude, therefore, that sea-water, 
even when considerably diluted with distilled water does not extract 
from sperm any appreciable quantity of a substance precipitable by 
barium, soluble in ~ HCl and precipitable from this solution by four 
volumes of acetone. 


B. The spermaries of twenty-four purpuratus males were cut up and sus- 
pended in 1100 cc. of sea-water. The thick suspension of sperm thus obtained 
was filtered through cheese-cloth and then centrifuged until the sperm col- 
lected in the bottom of the centrifuge tubes in the form of a thick cake which 
could be drained thoroughly without loss of sperm. These were then sus- 
pended in 400 cc. of ¥ NaCl and left upon ice overnight. The following 
morning this mixture was centrifuged and the supernatant fluid was drained 
off. The sperm were then again suspended in 400 cc. of ¥ NaCl, centrifuged 
and drained. They were then suspended in 400 cc. of distilled water con- 
taining 5 cc. of ether, shaken very thoroughly and left to stand at room tem- 
perature overnight. 

The following day I added to this mixture 100 cc. of °“ NaCl. The final 
volume of the mixture was 625 cc. I added 5 ec. more of ether, shook well, 
and allowed the mixture to stand at room temperature for half an hour. 
The mixture was then centrifuged and the supernatant fluid filtered. The 
very opalescent filtrate measured 390 cc. To this I added 200 cc. of 7 per 
cent BaCl.. No precipitate resulted, but the opalescence of the mixture 
was markedly increased. I then placed the mixture in an incubator and 
heated it to 50° to 55°C: for one and one-half hours at the end of which time 
a copious flocculent precipitate had formed. The mixture was now allowed 
to stand on ice overnight. 

The following day the mixture was centrifuged. The precipitate was 
suspended in 200 ce. of 2 per cent BaCl, and again centrifuged. This wash- 
ing was repeated. The mixture was then suspended in 100 cc. of 4; HCl. 
The greater part of the precipitate appeared to be coagulated or curdled 
by the acid. Themixture wasstirred for one hour, 10 cc. of 10 percent Na,SO, 
were added, the mixture was allowed to stand on ice overnight, and then 
filtered. To the clear white filtrate which was freed from barium, I added 
four volumes of acetone. A very considerable flocculent white precipitate at 
once came down. This precipitate was collected on a hardened filter, washed 
in 500 cc. of alcohol in several portions, and in 100 cc. of ether and dried 
over H,SO, at 37°C. overnight. 
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The residual portion of the barium precipitate which was insoluble in 
dilute acid, was very considerable in amount. Without washing, I allowed 
it to drain thoroughly and then scraped it off the filter-paper, suspended it 
in 100 cc. of .X, KOH, and shook the mixture thoroughly. After allowing 
the mixture to stand for three hours I centrifuged it and filtered the super- 
natant fluid. Only a very small residue remained, obviously Ba,SO,, and 
the filtrate was opalescent and yellowish in color. To this I added four 
volumes of acetone. A heavy, yellowish, coagulum-like precipitate formed 
at once, which rolled up into one lump on gently shaking the vessel, like 
gluten or freshly-precipitated rubber. This was collected upon a hardened 
filter, washed with alcohol and ether and dried over H2SO, at 37° overnight. 


From this experiment we may conclude, therefore, that dilute NaCl 
solution which is not contaminated by sea-water will extract from sperm 
two substances which are precipitable by BaCl, and by acetone, the one 
being soluble in *; HCl, the other insoluble in + HCI but soluble in 
iy KOH. 

The following day the acid-soluble substance was found to have 
dried in friable white flakes which were readily pulverized, 190 
mgms. of this substance being obtained. The alkali-soluble sub- 
stance had dried in a horny, brownish cake which was pulverized 
with difficulty; this product weighed 320 mgms. 

After thorough pulverization the powders were spread out in 
thin layers over H.SO, at 37° and dried for a week. I have re- 
peatedly found that dry pulverized proteins, prepared by washing 
in alcohol and ether, and spread out in thin layers over H.SQ, at 
37° lose weight slightly for twenty-four hours and after forty-eight 
hours contain no trace of ether or alcohol. The products were 
therefore certainly free from these reagents. Careful flame-tests, 
both before and after moistening with nitric acid, failed to reveal 
the presence of the slightest trace of barium in either of them. 


Thirty-eight milligrams of each of these substances were dissolved, the 
acid-soluble substance in 6.5 cc. of Y HCl, and the alkali-soluble substance 
in 6.5 ec. of NaOH. The acid-soluble substance dissolved readily and com- 
pletely, the alkali-soluble substance slowly and incompletely. Both solu- 
tions were neutralized, the one by the addition of 6.5 ec. of ¥ NaOH and the 
other by the addition of 6.5 cc. of ¥ HCl. Both solutions, after neutraliza- 
tion, were somewhat opalescent. Both solutions were rendered isotonic 
with sea-water by the addition of 2 cc. of >“ NaCl and were then diluted to 
one, one-half, one-fourth, and so forth, bysuecessive additions of filtered 
sea-water, forming solutions containing one part of the substance to 400, 
800, 1600, and so forth, of solvent. 
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The acid-soluble substance. 


FRSPOREsOy oF EFFECT ON EGGS NOT PRE- 
} VIOUSLY TREATED 


SUBSTANCE IN | 


THE MIXTURE 





1:400 Eggs agglutinated* 
within one minute. 
After two hours clear 
hyaline “pseudo- 
membrane” with 
very indistinct out- 
linessurrounded each 
egg. These were at 
once penetrated by 
sperm but the under- 
lying eggs were not 
fertilizable by sperm. 


1: 800 Eggs agglutinated. No 
other effect in two 
hours. 


1: 1600 Slight agglutination. 
No other effect in two 
hours. 


1:3200 No effect after two 
hours. Then treated 
with sperm the eggs 
formed fertilization 
membranes after a 
very noticeable delay 
(four to five minutes). 





* That is, clotted, or stuck together in clumps. 





EFFECT ON EGGS PREVIOUSLY TREAIED 
wits SrClz 


Eggs agglutinated* within one min- 


ute. Blisters formed on a number 
in twenty minutes. 100 per cent 
distinct but very narrow mem- 
branes in two hours. 


Eggs agglutinated. In forty min- 


utes irregular cloudy membranes 
on 50 per cent and cytolysis pro- 
ceeding in these. In two hours 
100 per cent membranes and a few 
cytolyzed. 


Eggs agglutinated. In twenty min- 


utes discrete blisters upon the sur- 
faces of some of the eggs. In 
thirty minutes some have large 
blisters and many have distinct 
membranes. In fifty minutes 50 
per cent have complete membranes 
and cytolysis is indicated by gran- 
ular matter contained in all of 
these membranes. In one hour 
100 per cent have membranes, 
many of them being clear and hya- 
line, others cloudy. In two hours 
a few per cent have been cytolyzed 
into ‘‘shadows.”’ 


Very slight agglutination. In forty 


minutes 50 per cent have mem- 
branes, slight cytolysis in all of 
these. In one hour 100 per cen* 
had membranes. These mem- 
branes were then tested and found 
to be impermeable to sperm. 


Cf. T. Brailsford Robertson, loc. cit. 
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PROPORTION OF 
SUBSTANCE IN 
THE MIXTURE 


1: 6400 


1: 12,800 


PROPORTION OF 
SUBSTANCE IN 


1: 400 
1:800 


1: 1600 
1:3200 
1:6400 


THE MIXTURE 





| 
| 
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The acid-soluble substance—continued. 


EFFECT ON EGGS NOT PRE- 
VIOUSLY TREATED 


No effect after two 


hours. 


No effect after two 


hours. 


EFFECT ON EGGS PREVIOUSLY TREATED * 
wITH SrCle 


_ No agglutination. In forty minutes 


18 per cent of cloudy membranes. 
In two hours over 80 per cent had 
membranes and some of these were 
beginning to cytolyze, about 5 per 
cent were cytolyzed into ‘‘shad- 
ows.”’ 


In forty minutes many serrated 


membranes or membranes in the 
blister stage. In these latter the 
membranes were hyaline, but as 
soon as they became complete an 
influx of granular material was 
received from the egg, rendering 
the membrane slightly opaque. 
In two hours 6 per cent converted 
into ‘‘shadows’’ and over 50 per 
cent had membranes. 





The alkali-soluble substance. 


EFFECT ON EGGS NOT PRE- 
VIOUSLY TREATED 


No effect in two hours 
No effect in two hours 


No effect in two hours. 
No effect in two hours. 


. | No effect in two hours. 


EFFECT ON EGGS PREVIOUSLY TREATED 
WITH SrCle 


) | A few eggs have small blisters in two 


| 
| 


No effect in two hours. 


1:12,800 No effect in two hours. 


hours, none have membranes and 
none are cytolyzed. 


No effect in two hours. 
No effect in two hours. 
No effect in one hour. In two hours 


1 or 2 per cent have membranes 
and these eggs are in some cases 
cytolyzed. 


No effect in one hour. In two hours 


1 or 2 per cent have membranes 
and these eggs are in some cases 
cytolyzed. 
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To 2 cc. of each of these mixtures were added two drops (A) of the ripe 
eggs of Strongylocentrotus purpuratus, which had not undergone previous 
treatment of any kind save that of washing in sea-water or (B) of the eggs of 
the same female which had been previously treated by four minutes’ immer- 
sion in *™ SrCl,. The results obtained are tabulated on pp. 7 and 8. 


Eggs of the same female sensitized by four minutes’ immersion 
in 3* SrCl, and then dropped into sea-water (two drops to 2 cc.) 
were unaffected after two hours. 

The strontium chloride introduced with the eggs precipitated 
both substances and the eggs were, especially in the stronger solu- 
tion, surrounded by particles of precipitate which, however, was 
not sufficiently dense in any case to hide the periphery of the eggs 
from view. 

We see, therefore, that the acid-soluble substance is a powerful 
fertilizing, agglutinating, and cytolyzing agent, whereas the alkali- 
soluble substance is devoid of any action which is not obviously 
attributable to slight contamination with the acid-soluble substance. 
This fact proves, if further proof were necessary, that the observed 
action of the acid-soluble substance is not due to contamination of 
the substance with the reagents employed to isolate it, for the 
treatment accorded to the two substances differed only in this: 
that the one was dissolved in acid, while the other was dissolved in 
alkali. 

As I have mentioned, the “‘pseudo-membrane” which were 
formed by my first sperm-extract, differed from true fertilization- 
membranes not only in being permeable to sperm but in the fact 
that their formation did not lead to cleavage of the egg. It 
appeared very desirable, therefore, to ascertain whether or not 
the membranes formed by the action of the new sperm-extract led 
to cleavage of the egg. Accordingly 15 mgms. of the acid-soluble 
substance were dissolved in 3 ec. of # HCl, the solution was neu- 
tralized by the addition of 3 cc. of } NaOH and rendered isotonic 
with sea-water by the addition of 0.9 cc. of NaCl. This mix- 
ture was then diluted to 50 cc. by the addition of filtered sea-water. 
The eggs of a purpuratus female were immersed for four minutes in 
8“ SrCl, and then transferred to this mixture. The eggs were 
speedily and markedly agglutinated and in twenty-five minutes 
about 10 per cent had cloudy membranes. In forty minutes 80 
per cent had membranes, and many of these were clear and hya- 
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line. The eggs were then transferred to 50 ec. of normal sea-water 
and left therein for ten minutes. One sample was then trans- 
ferred to fresh sea-water (50 cc.) and the remainder to hypertonic 
sea-water (50 cc. sea-water + 8 cc. of 3 NaCl). The immediate 
effect of the hypertonic sea-water was to de-agglutinate the eggs. 
After forty, fifty, and sixty minutes, respectively, samples of the 
eggs were transferred from the hypertonic sea-water to normal 
sea-water (50 cc.). They were then left in shallow vessels at room 
temperature overnight. After twenty-four hours it was found 
that, in all cases, both with and without treatment with hypertonic 
sea-water, about 50 per cent of the eggs had undergone division, 
and these were in every stage of division from the 2- to the 64-cell 
stage. Division had, however, proceeded very irregularly and 
was accompanied by cytolysis which was most marked in the eggs 
which had not been treated with hypertonic sea-water. A further 
lapse of twenty-four hours only resulted in more extreme cytolysis. 
The substance, therefore, is markedly poisonous for the eggs, in 
which respect its action strongly resembles that of saponin.’ 

The reasons for the failure of previous observers to extract 
the fertilizing agent from sperm are now clear. It is evident that 
it is necessary to wash the sperm free from sea-water before com- 
plete extraction is possible, and moreover, in order to obtain the 
most intense action it is necessary to supply not only the fertilizing 
but also the motile function of the sperm,® by carrying over the 
fertilizing agent into the egg through impregnation of the egg with 
a substance (SrCl.) which forms an insoluble compound with it 
and thus precipitates it upon the egg much as a mordant precipi- 
tates a dye upon a textile fabric. 

We have seen that the fertilizing agent in sperm is precipitable 
by barium, strontium, and acetone, and is soluble in dilute acids. 
I have also found that it is thermostable, resisting an hour’s expo- 
sure to 55°C. I have previously shown’ that the fertilizing agent 
in blood-sera is precipitable by barium, strontium, and acetone 
and is soluble in dilute acids. Loeb has shown,!® and I have con- 


7 Cf. J. Loeb: Die chemische Entwicklung des tierschen Eies, Berlin, 1909, 
p. 134. 

8 J. Loeb: loc. cit., p. 185. 

®T. Brailsford Robertson: loc. cit. 
0 J. Loeb: loc. cit., p. 187. 
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firmed the fact, that it is thermostable. There appears strong 
reason to believe, therefore, that the fertilizing agent in blood-sera 
is identical with the fertilizing agent in sperm. 


os 


CONCLUSIONS. 


From the spermatozoa of Strongylocentrotus purpuratus (eare- 
fully freed from sea-water by washing them with isotonic NaCl 
solution) two substances can be extracted by strongly hypotonic 
salt solutions containing ether which are precipitable by barium. 
The one is soluble in dilute acid, the other is insoluble in dilute 
acid but soluble in dilute alkali. Both are precipitable by acetone. 
The acid-soluble substance acts as a powerful fertilizing, agglutin- 
ating, and cytolyzing agent upon the eggs of Strongylocentrotus | 
purpuratus. The alkali-soluble substance appears to be devoid of 
action. : 
_ There is strong reason for believing that the fertilizing agent in 
spermatozoa is identical with the fertilizing agent (odcytase) in 
blood-sera. 
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A very fundamental and general principle of bacterial metabo- 
lism may be expressed concisely by stating that “fermentation takes 
precedence over putrefaction.’”’ That is to say, bacteria in general 
which can utilize both carbohydrate and protein, act upon the 
former in preference to the latter when both are present in the same 
medium. Bacteria in common with all known living things need 
nitrogen to build up their bodies; it is self-evident, therefore, that 
even when carbohydrate is being fermented, enough protein must 
be broken down to satisfy their nitrogen requirements. 

The formulation of this principle, together with the salient facts 
of the evidence upon which it was based, have been discussed in 
detail in previous communications by one of us (A. I. K.)! and will 
not be referred to here other than to state that this evidence, 
although well grounded and definite, isfor the most part qualitative 
only. It is the purpose of this paper to present comparative quan- 
titative data which shall indicate the extent, and in a measure, the 
nature of this sparing action of carbohydrate for protein in arti- 
ficial media as it is observed in certain important types of organisms 
of the intestinal group. 

Throughout this work, ammonia formation has been followed as 
an index for determining the rate, and to a degree, the extent of 
protein catabolism by these bacteria. In addition to ammonia 
formation the rate and change of reaction of the media in terms of 
standard acid and alkali has also been determined, to throw addi- 
tional light upon the mechanism of the decomposition of carbohy- 
drate and protein respectively during the course of the experiments. 


1 For literature, see Kendall: Journ. of Med. Res., xxv, p. 117, 1911. 
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The formol titration has also been followed throughout this work, 
but the results furnished no additional evidence which could be 
interpreted in the light of our present knowledge. 

Metuops. Preparation of media. Nutrient, sugar-free meat- 
juice bouillon prepared inthe usual manner was used in these exper- 
iments. The preparation, adjustment of reaction and steriliza- 
tion were carried out simultaneously on the entire amount of media 
necessary for one series of experiments. One per cent of Kahl- 
baum’s C. P. dextrose was added to one-half of it; the media was 
then distributed in 200 ec. Erlenmeyer flasks, 75 ec. per flask, and 
the entire batch sterilized in the autoclave at the same time. The 
results, therefore, are strictly comparable. 

Organisms studied. B. dysenteriae (Shiga), typhosus, paraty— 
phoid 8, coli and proteus. 

Total nitrogen. A sufficient number of total nitrogen determina- 
tions both in uninoculated and inoculated media were made to 
demonstrate the fact that nitrogen was neither gained nor lost dur- 
ing the course of the experiments. . 

Ammonia determination. Free ammonia was determined by a 
modification of the well-known Folin air-current method.? 

Determination of reaction of the media. It is commonly stated 
that the reaction of media in which carbohydrate is being fermented 
becomes progressively acid: conversely, media containing only pro- 
tein, or protein derivatives, becomes progressively alkaline. The 
amount and formation of acid and alkali respectively was recorded 


in terms of normal acid and alkali, using neutral red as an indicator. 


Neutral red was selected in preference to those indicators hitherto 
commonly used for this purpose, because it reacts sharply with both 
weak acids and weak bases at a point closely approximating abso- 
lute neutrality. 

Inoculation of media. All cultures were tested for purity, reju- 
venated by three successive daily transfers in sugar-free broth, 
and inoculated into the media with customary precautions. A 
series of flasks consisting of the sugar and sugar-free broths respec- 
tively, were inoculated simultaneously with each culture. These 
cultures were incubated at 37°C. At stated intervals one sugar 


2? This Journal, xi, p. 523, 1912. 
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and one sugar-free flask of this series were examined according to ° 
the procedures outlined above. 

Duplicate determinations of free ammonia were made on every 
culture; the greatest discrepancy amounts to 0.35 mgm. of nitrogen 
per 100 ec. of culture. Similarly, the determination of reaction is 
accurate within 0.25 ce. normal acid or alkali per 100 ce. culture. 

The conditions of the experiments are purposely most favorable 
for: putrefaction; the relatively large, free surface of the culture 
medium in contact with the air furnishes potentially the oxygen 
necessary for these organisms, both in sugar and sugar-free media. 
The results are consequently more significant than would have been 
the case if the cultures in sugar-containing media were grown 
anaérobically to force the bacteria to ferment carbohydrate for 
their oxygen supply, as is the case in the closed arm of the fermen- 
tation tube where such observations are ordinarily made. 

The following tables show the results of these experiments. 
The figures for ammonia are expressed as milligrams of nitrogen 
per 100 cc. of culture. The changes in reaction are likewise ex- 
pressed in cubic centimeters of normal acid or alkali per 100 ce. 
of culture in their respective media. 


TABLE I. 
Broth A: 100 cc. contains 395 mgms. total nitrogen. 
PLAIN BROTH DEXTROSE BROTH 


DAYS | Free NHs as Free N Hs; as 





Eee | Tomé | ue aN 
per cent per cent 
Contedl......<.. | 54.60 13.83 53.20 13.51 
(| 1 | 5.50 15.06 54.25 13.78 
Saee 15.60 | 55.30 14.05 
ee ats 3 | 68.60 17.37 56.00 14.17 
ost emma | 4 74.90 18.96 | 56.00 14.17 
| 5 | 72.60 18.40 57.40 14.54 
(| 6 | 74.20 18.84 | 657.40 14.54 
| 1 | 59.85 15.11 | 54.60 13.82 
| 2 | 64.05 16.23 56.00 14.17 
B. proteus III. | 3 | 102.20 25.87 57.40 14.54 
| 4 | 107.80 27.31 58.80 14.88 
p : 


117.60 29.78 57.05 14.45 
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A noteworthy feature is clearly brought out in this first series 
of experiments. Notwithstanding the fact that the ammonia pro- 
duction in sugar media is noticeably less than that in sugar-free 
media, the growths obtained in sugar media were decidedly more 
vigorous and extensive. The rapid increase in acid formation dur- 
ing the first twenty-four hours of growth is an index of the rapid 
fermentation of dextrose. This emphasizes the sparing action 
which dextrose exerts for protein in these artificial media. 


CONCLUSIONS. 


These experiments show the extent, and in a measure, the nature 
of the sparing action which dextrose exerts for protein in ordinary 
media for the organisms mentioned above. 

It is interesting to note that the more pathogenic bacteria exhibit 
less proteolytic activity measured in terms of ammonia production 
and alkali formation than the more saphrophytic organisms. 

We wish to express our indebtedness to Professor Folin for his 
opportune advice and criticism and to Professor Theobald Smith 
for cultures. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XII, NO. 1 
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STUDIES IN BACTERIAL METABOLISM. II. 


By ARTHUR I. KENDALL anp CHESTER J. FARMER. 


(From the Laboratories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School.) 


(Received for publication, April 12, 1912.) 


In the previous communication, the sparing action which dex- 
trose exerts for protein in artificial media was shown quantitatively 
for a limited number of bacteria. It is the purpose of this paper 
to present additional evidence in support of this hypothesis. For 
the sake of clearness, the organisms discussed here will be considered 
separately, since the “growth curve” of each bacterium illus- 
trates a special feature in the mechanism of this sparing action 
of carbohydrate for protein. 

Spirillum of Asiatic cholera. The cholera vibrio studied was 
‘obtained from a case of Asiatic cholera which developed in Boston 
last summer. The organism was typical in every respect, and 
agglutinated promptly with a specific serum of known and high 
potency. The unusually marked proteolytic powers of this organ- 
ism distinguish it sharply from the relatively slight proteolytic 
activities of the pathogenic bacteria described previously. The 
cholera organisms are noted for their ability to break down protein, 
however, so that this observation is wholly in harmony with previous 
observations qualitatively, and illustrates the rapidity with which 
this proteolytic process proceeds. The mere trace of ammonia in 
the corresponding cultures containing dextrose is a striking example 
of the extent of the sparing action of dextrose for protein. 

The cultures designated as “ Pearce Farm” and “ Arkansas”’ are, 
respectively, a non-virulent and a virulent culture of the hog- 
cholera bacillus. Professor Theobald Smith suggested that their 
proteolytic activities be compared. The results show clearly that 
the “‘Pearce Farm”’ culture (the non-virulent one) is more active 
proteolytically than the virulent one. This difference in proteo- 
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lytic activity is not wholly a matter of difference in intensity of 
growth, as is shown by the respective amounts of acid and alkali 
formation in the different media. The ‘“‘growth curve” of the 
virulent strain approaches closely that of the other pathogenic 
bacteria described above, and in a previous communication. 

The “growth curve”’ of the Flexner type of the dysentery bacillus 
agrees essentially with that of the Shiga type described previously, 
and needs no further comment. 

H-61 is a comma-shaped vibrio, actively motile, and suggesting 
morphologically the Asiatic cholera vibrio. It differs in that it 
ferments no sugars and does not liquefy gelatin. The specific name 
for this vibrio is unknown. The organism is noteworthy because 
it appears to actually assimilate ammonia from the culture medium, 
particularly during the first few days of growth. This phenomenon 
of ammonia assimilation, although most clearly shown in H-61, is in 
reality seen in several of the pathogenic bacteria described already. 
The exact explanation of this disappearance of ammonia from cul- 
ture media during the early stages of bacterial growth, and which 
we have provisionally designated asthe “ negative ammonia phase, ”’ 
is not apparent at the present time; experiments are in progress to 
elucidate this point. 

Bacillus pyocyaneus does not utilize sugar, at least in appreciable 
quantities, yet the presence of dextrose and abundant oxygen does 
result in a slight and temporary restraint of its proteolytic powers. 
This organism, in contrast to H-61, which also does not utilize dex- 
trose, produces a very large amount of free ammonia in a very 
short time, both in media with and without dextrose. 

The accompanying table brings out the salient points of the 
above discussion. 





milligrams No 


Free NHsz; as 
per 100 cc. 


a 
~I 
x 


it oe 
le + Pb 
SSSRG 


Pearce farm (hog cholera, | 


on ow 


—— 


cr 


¥ Z 


Arkansas (hog cholera, vir- 


CON ow = 
~J 
—_) 


oo —_ 
S a & 


or 


“I or 


a 
bo 


No owe 
“1 ¢ 
2s or 


ESE 





— 


S5 


~I 
_ 


or ce 
i) 


Cholera ‘‘Boston’’......... 


© I 
| 
or or 


NR se ale 


SRES FE 


% 


or 
aa 
SSEER 


PyocyaneuS................ 


Ono woe ON Ww = 





PLAIN BROTH 


Ammonia N 
Total N 


or 


16. 


25. 
21. 
21. 


4. 
5.00 —0. 
5. 


_ 


vo. 
6.10—1. 


9.70—3.2 
20.50 

17.40 —3. 
16.90 —4. 
16.25 —4. 


N 


1 


Reaction cc. 
acid per 100 ce. 


ee 


or em Or he CO ~J 


“I to “J bo 


BRaBS 











Broth C: 100 ce. contains 336 mgms. total nitrogen. 
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TRYPSIN SOLUTIONS. 
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(From the Rudolph Spreckels Physiological Laboratory of the University of 
California.) 






(Received for publication, April 13, 1912.) 







I have observed that the refractivity of a solution of sodium 
caseinate (containing 80 < 10-° equivalents of sodium per gram 
of casein) is unaltered, within the limits of the accuracy of the 
determination, by digestion with trypsin. This fact suggested 
a rapid and simple method of determining from time to time the 
extent of digestion in a caseinate solution containing trypsin, 
namely that of precipitating the undigested casein by a known 
volume and concentration of acetic acid, filtering off the precipi- 
tate and measuring the refractive index of the filtrate, which 
contains the products of digestion. 

In the experiments reported below I have employed a 2 per cent 
solution of sodium caseinate, neutral to phenolphthalein (= 16 ce. 
of 7 NaOH diluted to 100 cc. and 2 grams of casein dissolved 
therein), as a standard. To portions of this solution were.added 
varying amounts of Gruebler’s trypsin puriss. sicc. and from time 
to time 10 cc. samples of these mixtures were taken, and the pro- 
portion of the casein which had been digested was measured by 
the method outlined. Preliminary experiments showed me, how- 
ever, that it was very necessary to carefully adjust the concen- 
tration of the acetic acid solution employed for the precipi- 
tation to the concentration of the caseinate solution. At first 
I tried delivering the 10 cc. samples into 10 cc. each of 
acetic acid; this procedure yielded cloudy opaque filtrates con- 
taining much suspended casein and totally unfit for refractometer 
measurements; it appeared that the acetic acid solution was too 
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strong. On the other hand 10 cc. of an acetic acid solution of 
the same concentration as the alkali used to dissolve the casein 
proved to be too weak, because, owing to the hydrolytic dissocia- 
tion which sodium acetate undergoes in aqueous solution, the 
mixture of the 10 ec. sample and the 10 ce. of acetic acid solution 
still retained casein in solution. Finally I adopted the proportion 
of 10 cc. of the digest to 10 ec. of * acetic acid which, with the 
precautions detailed below, yielded perfectly satisfactory results. 

[ prepared a 2 per cent solution of casein, neutral to phenol- 
phthalein, by stirring up casein in a dilute solution of NaOH, con- 
taining 16 cc. of 7 NaOH per 100 ecc., until the mixture was 
nearly clear. The mixture was then filtered through a folded 
filter and the filtrate was divided into four portions measuring 
100 cc. each. Each of these portions was then placed in an incu- 
bator, in a tightly stoppered Erlenmeyer flask, and allowed to 
stand there until it had attained the temperature of the incubator. 
These solutions were then treated as follows: 

I. Added 3 ce. of distilled water. 

II. Added 2 ce. of distilled water + 1 cc. of a 0.4-per cent 
freshly made up and filtered solution of Gruebler’s trypsin puriss. 
SiCC. 

III. Added 1 cc. of distilled water + 2 cc. of 0.4 per cent tryp- 
sin solution. 

IV. Added 0 ce. of distilled water + 3 cc. of 0.4 per cent trypsin 
solution. 

To each of these mixtures were then added three drops of toluol 
and they were then gently shaken and replaced in the incubator. 
From ‘time to time, as detailed below, 10 cc. samples were taken 
from each flask and the percentage of casein digested was esti- 
mated in the following manner: 

Ten cc. of 7 acetic acid having previously been accurately 
measured into a small dry Erlenmeyer flask, the 10 cc. sample 
was fairly rapidly delivered from the measuring pipette into this, 
the Erlenmeyer being gently rotated the while in order to uni- 
formly mix the two solutions. This mixture was immediately 
filtered through a small plug of glass wool, thus removing the 
grosser masses of casein.! The opaque filtrate, containing finely 


1 This preliminary filtration can be omitted provided digestion has pro- 
ceeded far enough. 
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suspended casein, after standing for a few minutes to allow the 
casein to flocculate, is filtered through an 8S. & S. 589 “yellow 
ribbon”’ filter. Filtration is rapid and the filtrates are usually 
perfectly clear, or, if they are not, a second filtration will accom- 
plish this result. The refractive index of this mixture was then 
determined by means of a Pulfrich refractometer reading accu- 
rately to within 1’ of the angle of total reflection, a sodium flame 
being employed as the source of light. At the same time I deter- 
mined the refractive index of a “blank” solution prepared by 
mixing equal volumes of #5 acetic acid and a sodium hydrate solu- 
tion of the strength employed to dissolve the casein, 7.e., 0.016 N. 
The difference between the two readings expressed the refractivity 
of the products of the digestion of the casein; since the refractivity 
of the mixed products of the tryptic digestion of casein is the 
same as that of the casein from which they are derived and the 
effect of 1 per cent casein upon the refractivity of its solution is 
accurately known, it is evident that this difference affords a direct 
measure of the amount of casein digested per 100 cc. of the diges- 
tion-mixture. 

Each gram of casein dissolved in 100 cc. of an aqueous solvent 
increases its refractivity by 0.00152.2, Consequently the difference 
(=n — n,) between the refractivity of the ‘blank’? mixture and 
that of the filtrate prepared as directed above, divided by 0.00152, 
gives the percentage of casein which would yield, when digested, 
the concentration of the products of digestion which is contained 
in the filtrate. Since this filtrate is prepared by diluting a sample 
of the digest to one half with acetic acid solution, this figure must 
be multiplied by 2 to yield the number of grams of casein per 
100 ec. of the digestion-mixture which have undergone hydrolysis. 

The following were the results obtained 


2 T. Brailsford Robertson: Journ. of Physical Chem., xiii, p. 469, 1909; 
Die physikalische Chemie der Proteine, Dresden, 1912, chapter 13. 

‘The slight alterations in the refractivity of the ‘‘blank’’ solution 
recorded at different times are due to the fact that the temperature at which 
the determinations of refractivity were made varies somewhat between 
the one and the three-hour determinations and so forth. Since,however, 
the refractivity of the ‘‘blank’’ was determined afresh upon each occasion 
and at the same time as those 6f the mixtures under investigation, this 
fact did not affect the accuracy of the determinations (cf. T. Brailsford 
Robertson, loc. cit.). 








Products of Hydrolysis of Casein 


After digestion for one hour at 35° 


= GRAMS 


(n — m) = DIFFERENCE 
BETWEEN THE REFRAC- 
TIVITY OF THE “BLANK” 
AND THAT OF THE FIL- 
TRATE 


nm = REFRACTIVE INDEX 


SOLUTION OF SOLUTION* 


nu— nm 


0.00152 
OF CASEIN DIGESTED 


PER 100cc. OF DIGEST 


9 


‘Blank”’ 1.333558 + 0.000078 | 

0 ce. trypsin. ...| 1.333558 + 0.000078 0.000000 

1 ce. trypsin ...| 1.333636 + 0.000078 0.000078 + 0.000078 
2 ce. trypsin. ...| 1.333714 + 0.000078 0.000156 + 0.000078 
3 ce. trypsin. ...| 1.333792 + 0.000078 | 0.000234 + 0.000078 





*The experimental error in the determination of the angle of total reflection by the Pul- 
frich refractometer is +1’ corresponding to an error of 0.000078 in the determination of the 
refractive index and*to an error of 0.1 in the grams of casein digested per 100 cc. of digest. 


Se peng ae I CG 


After digestion for three hours at 35° 


“Blank”’ 1.333480 + 0.000078 

0 ce. trypsin. ...| 1.333480 = 0.000078 0.000000. 0.0 

1 ee. trypsin. .... 1.333714 + 0.000078 | 0.000234 + 0.000078 0.3+0.1 
2 ce. trypsin. .... 1.333948 + 0.000078 | 0.000468 + 0.000078 06+ 90.1 
3 cc. trypsin. ... 1.334182 = 0.000078 | 0.000702 + 0.000078 0.9 += 0.1 


After digestion for six hours at 35° to 36°* 


ba 5 


“Blank” 

0 cc. trypsin. ... 1.333402 + 0.000078 0.000000 0.0 

1 ce. trypsin. ... 1.334026 + 0.000078 0.000624 = 0.000078 0.8 +0.1 
2 ce. trypsin.... 1.334418 + 0.000078 0.001016 + 0.000078 1.3+0.1 
3 ce. trypsin.... 1.334734 + 0.000078 0.001332 = 0.000078 1.8+0.1 
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ie 
i 
it 


*The temperature of the incubator rose about 1° during this interval. The effect of this 
upon the rapidity of hydrolysis is very noticeable. 


After digestion for twenty-three hours at 35° to 36°* 


a ae . 1.333558 + 0.000078 

0 ce. trypsin. .... 1.333558 + 0.000078 0.000000 

1 cc. trypsin. ... 1.334892 = 0.000078 0.001334 + 0.000078 
2 ce. trypsin. ... 1.335129 = 0.000078 0.001571 = 0.000078 
3 ce. trypsin. ... 1.335129 + 0.000078 0.001571 + 0.000078 | 


Aso 


*At some time during this interval the temperature fell again to 35°. 
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After this last set of observations, it being evident that the 
casein in the digest containing 3 cc. of trypsin solution was com- 
pletely hydrolyzed,‘ I determined the refractivities of the mixture 
containing no trypsin at all, in which it is evident that no appre- 
ciable hydrolysis had taken place, and of the mixture containing 
3 cc. of trypsin solution and of a “blank’’ consisting of a solution 
of NaOH of the strength (0.016 N) originally employed to dissolve 
the casein. The following were the results obtained: 


= e 6 i 
SC NSS 
2 355 
(n — ni) = DIFFERENCE 2038 
ce : BETWEEN THE REFRAC- = 6S & 
SOLUTION is “aa ie TIVE INDEX OF THE ~ Bae 
. DIGEST AND THAT OF ; == 2 
THE “BLANK” ulin ZZO 
ge Sao 
|2eS2en 
elm 3 o% 
“Blank’’........ 1.333480 + 0.000078 
0 ce. trypsin. ... 1.336630 + 0.000078 0.003150 + 0.000078 2.07 = 0.05 
3 cc. trypsin. ... 1.336630 = 0.000078 0.003150 + 0.000078 2.07 + 0.05 


It is evident that the refractivity of the casein is not affected 
by hydrolysis by trypsin. 

From the results enumerated above, assuming that the hydro- 
lysis of casein by trypsin obeys the monomolecular formula, 
log - _ 

a-—x2x 
and x the amount digested at time ?¢,®> it is possible to estimate 
the values of the velocity-constant K for each of the periods of 
digestion and concentrations of trypsins employed. The results 
of this calculation are enumerated in the accompanying table, 
the time being expressed in hours and a (= 2.07) and z in grams 
per 100 cc., common logarithms being employed: 


= Kt, where a = the initial concentration of the substrate 


4The digests containing, respectively, 2 and 3 cc. of trypsin solution 
yielded at this time no precipitate or opalescence on mixing with the acetic 
acid. 

5 Cf. T. Brailsford Robertson: This Journal, ii, p. 317, 1907; Walters: 
ibid., xi, p. 267, 1912. 
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? : K DIVIDED BY CC. OF 
TRYPSIN SOLUTION wueudeute aunt sioner 


TIME OF DIGESTION , oy cans 
PER 100cc. OF DIGEST PER 100 CC. OF DIGEST 


107% 
1073 
107% 
107* 
107% 
1073 
1073 
107 
ig 
107% 


10~* 
107° 
107° 
10~* 
107% 
10~* 


10-3 
107% 
10~* 
107° 
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At the point indicated by the intersecting line the rise in temper- 
ature occurred. 

It is evident that for a given temperature the figures in the 
fourth column are constant; thus the rate of hydrolysis as deter- 
mined by this method is directly proportional to the concentration 
of trypsin in the digest—a relation which has been abundantly 
established by more exact methods of measurement. The method 
is therefore adapted for the purpose for which it was designed, 
namely, that of rapidly determining the relative activities of tryp- 
sin solutions. 

While the method which I have outlined is, of course, greatly 
inferior in accuracy to many others, it possesses the following 
counterbalancing advantages: (a) It is extremely rapid, (6) it is 
extremely simple and (c) the experimental error, although large 
(+ 0.1 gram per 100 cc.) is nevertheless exactly known; it could 
obviously be somewhat reduced, if desired, by increasing the con- 
centration of the caseinate solution used as substrate. ‘The method 
is probably not less accurate than that ®f Mette which has been 
employed with such advantage in investigations of this type, 
without being open to the criticism, which attaches to the method 
of Mette’, that phenomena of dissolution and diffusion may be 
confused with phenomena of hydrolysis. 


6 Cf. E. H. Walters: loc. cit. 
7A. E. Taylor: Univ. of Calif. Publ. Pathol., i, p. 7, 1904; Svante 
Arrhenius: Immunochemistry, New York, 1907. 
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SUMMARY. 


1. The complete hydrolysis of sodium caseinate by trypsin does 
not alter the refractivity of its solution, within the limits of the 
accuracy of the determination. 

2. A method of comparing the activities of trypsin solutions, 
based upon this fact, is described in detail. 














ON THE FORMATION OF GUANYLIC ACID FROM 
YEAST NUCLEIC ACID. 


(Preliminary Communication. ) 


By WALTER JONES. 


(From the Laboratory of Physiological Chemistry, Johns Hopkins 
University.) 


(Received for publication, April 20, 1912.) 


A demand recently arose in this laboratory for a considerable 
amount of guanosine; and to obtain the substance, commercial 
yeast nucleic acid was submitted to neutral hydrolysis in the auto- 
clave... Although guanosine in macrocrystalline form was ob- 
tained in every trial, the yield was such that recourse was had to 
the more recent method adopted by Levene and LaForge? for the 
hydrolysis of triticonucleic acid. As this second method gave 
results which were not different from those previously obtained, 
it was decided to make use of glandular ferments as hydrolytic 
agents. Numerous experiments had already shown that with 
proper arrangement of the digestion, guanosine can be obtained 
by the action of a number of glandular extracts upon commercial 
yeast nucleic acid and that there is no production of the dark 
brown pigments which are formed in the autoclave and which 
render the isolation of guanosine difficult. The pig’s pancreas 
was selected as the ferment source because abundant evidence 
had indicated guanosine as one of the end products of the action 
of this tissue extract upon yeast nucleic acid. 

But as simple as the matter appears, a physical difficulty is 
encountered at the beginning which greatly impairs the usefulness 
of the method. A warm solution of the digestion products can- 
not be filtered. Fat globules pass through the filter in the begin; 
ning and before a clear filtrate can be obtained there is such a 


1 Levene and Jacobs: Berichte, xlii, p. 2704. 
* Levene and LaForge: ibid., xliii, p. 3166. 
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clogging with fat that filtration ceases. On the other hand a 
cold solution of the digestion products can be filtered perfectly 
clear but guanosine, having fallen out of solution, remains on the 
filter. To overcome this objection it was decided to digest, cool 
and filter the pancreatic extract before adding the nucleic acid. 
Accordingly a mixture of 760 grams of trimmed and finely ground 
pig’s pancreas with 1400 cc. of distilled water was allowed to digest 
at 40° in a closed vessel for fourteen days with enough chloroform 
to prevent putrefaction. At the end of this time the product was 
cooled and the solution filtered. Upon standing over night there 
occurred a copious deposition of snow-white tyrosine needles which 
were filtered off. The pale yellow clear solution thus obtained 
was preserved for use in a closed vessel with chloroform and will 
be referred to as “the digested pancreatic extract.” 

A portion of the fluid was boiled and filtered and the free phos- 
phoric acid present in the filtrate was determined by direct pre- 
cipitation with magnesia mixture. A second portion of the boiled 
and filtered extract was treated with yeast nucleic acid and used 
as a control. 

To 500 cc. of the digested pancreatic extract which had been 
warmed to 40° were added 5 grams of yeast nucleic acid. After 
digestion of the material for fifteen minutes at 40°, a small portion 
was boiled, cooled, filtered and tested for nucleic acid by the addi- 
tion of sulphuric acid, when it was found that the nucleic acid 
had entirely disappeared. Yet the presence of nucleic acid could 
be shown in the control and was apparently undiminished after 
two days. 

After the digestion had proceeded eight hours a determination 
of phosphoric acid was made and compared with one made from 
the “digested pancreatic extract”’ when it was found that no phos- 
phoric acid had been liberated from the yeast nucleic acid. Nor 
could the presence of free purine bases be demonstrated by the 
addition of silver nitrate and ammonia. 

These results suggest that when an aqueous extract of pancreas 
is digested at 40°, the two ferments, phosphonuclease and purine 
huclease,* are destroyed or greatly injured while the agent which 
brings about a decomposition of tetranucleotide (yeast nucleic 
acid) into simpler nucleotides or mononucleotides remains in 


* Amberg and Jones: Zeitschr. f. physiol. Chem., )xxiii, p. 407. 
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great activity. It has been observed that fresh serum changes 
the optical character of yeast nucleic acid without liberation of 
either phosphoric acid or purine bases,‘ and it is therefore possible 
that in fresh serum conditions exist similar to those of digested 
pancreatic extract. 

The main portion of the product of the action of digested pan- 
creatic extract upon yeast nucleic acid was boiled, filtered and 
treated at the boiling point with an excess of a solution of lead 
acetate, and the hot fluid was filtered from precipitated lead phos- 
phate. Upon cooling, the pale yellow filtrate deposited a heavy 
granular lead compound which was filtered off, suspended in hot 
water and decomposed with sulphuretted hydrogen. The filtrate 
from lead sulphide was treated with potassium acetate and poured 
into an excess of alcohol. A dense flocculent white precipitate 
was thrown down which was washed with alcohol and dried over 
sulphuric acid. After purification by a repetition of the processes 
involved in its preparation, the substance was found to possess 
the following properties. An aqueous solution gives no precip- 
itate with silver nitrate and ammonia even after the addition of 
an ammoniacal solution of hypoxanthine. Upon hydrolysis with 
dilute sulphuric acid there is formed the theoretical amount of 
both guanine and phosphoric acid required for the potassium 
salt of guanylic acid while no trace of adenine could be found among 
the products; at the same time a reducing substance is produced 
which responds to qualitative tests for pentose and the optical 
character of the solution becomes reversed. By a comparison 
of the substance with aspecimen of guanylic acid prepared from the 
8-nucleoproteid of the pancreas it was found that the two sub- 
stances conduct themselves throughout in precisely the same man- 
ner; so that there seems no escape from the conclusion that the 
substance under discussion is the potassium salt of guanylic acid. 

The yield in each of a number of experiments was about 50 per 
cent of that required by theory, so that without special care it 
was not found difficult to prepare 25 grams of the substance in a 
short time—an undertaking which would require weeks or months 
of. time if the older method of preparation be employed. 

While the active agent here concerned is destroyed by heat and 
is more active at 40° than at 20°, it must not be supposed that we 


‘Amberg and Jones: this Journal, x, p. 81. 
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are here dealing with a true catalytic agent. A given amount of 
digested pancreatic extract can decompose a certain definite 
amount of yeast nucleic acid with great rapidity but can decompose 
no more in any reasonable length of time. As already stated 100 
cc. of the extract completely decomposes a gram of yeast nucleic 
acid in fifteen minutes but it cannot decompose 2 grams in a week. 
A solution of 1.5 grams of yeast nucleic acid in 100 cc. of extract 
was digested at 40°. After fifteen minutes a trace of nucleic acid 
could be shown present and after twenty-four hours the trace had 
not disappeared. 

In the course of their polarimetric work upon the action of ani- 
mal fluids upon nucleic acids Levene and Medigreceanu were led 
to postulate a ferment capable of decomposing tetranucleotides 
into simpler nucleotides and they assign to the ferment the name 
“‘nucleinase.”’ As the first conclusive evidence of the existence of 
such a ferment is presented in this paper, the writer will be per- 
mitted to suggest that the nomenclature be made conformable to 
that which Levene and his coworkers have adopted for the nucleic 
acids. The term “tetranuclease” indicates clearly a ferment which 
exerts its activity upon a tetranucleotide. As the active agent 
under consideration can exert this activity and no other (at least 
in so far as one of the mononucleotides is concerned) it should 
be termed tetranuclease. 

It seems probable that there are several tetranucleases, for the 
active agent here considered does not exert its activity upon thymus 
nucleic acid. While one gram of yeast nucleic acid is completely 
decomposed by 100 cc. of digested pancreatic extract in fifteen 
minutes, one-fourth the amount of thymus nucleic acid does not 
suffer any diminution under the same conditions in a week. 

It is undoubtedly true that these two nucleic acids have the 
same general chemical structure: that is, they are both tetranu- 
cleotides composed of four mononucleotides which in turn are com- 
pounds of phosphoric acid with nucleosides. This close analogy 
was shown by Levene’ and his coworkers in their chemical exam- 
ination of the two nucleic acids,and the general similarity of struc- 
ture is also brought out in a study of the changes which the two 
substances undergo in the presence of glandular extracts: for the 


5’ This Journal, ix, p., 395. 


* Levene and Mandel: Berichte, xli, p. 1905; Levene and Jacobs: ibid., 
xliii, p. 3150. 
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characteristic conduct of thymus nucleic acid in the presence of 
fresh pancreatic extract’ and the particular line along which the 
adenine group of thymus nucleic acid is changed to hypoxanthine® 
by the action of dog’s liver are matters which can also be stated 
for yeast nucleic acid. Nevertheless these two nucleic acids are 
two different substances, and obviously because they are not com- 
posed of the same mononucleotides. They could not therefore 
be expected to yield identical nucleosides under any conditions. 
The structure of yeast nucleic acid which was assigned: by Levene 
and Jacobs rests primarily upon the ability of these writers to 
isolate four nucleosides from among the products of its hydrolysis. 
One of these nucleosides (guanosine) possesses such physical and 
chemical properties that its escape from the observation of one 
accustomed to deal with it would seem almost impossible. But 
Levene and Jacobs have never obtained this substance from thy- 
mus nucleic acid. Again, Levene and Jacobs proved that the 
. carbohydrate of yeast nucleic acid is d-ribose, while it has*been 
generally conceded that the carbohydrate of thymus nucleic 
acid is a hexose. Finally, guanosine has been obtained in this 
laboratory by the action of a number of glandular extracts upon 
yeast nucleic acid and conditions have been found for controlling 
the action of both phosphonuclease and purine nuclease so that an 
‘arrangement of the digestion can be made favorable to the for- 
mation of guanosine; but no attempt to obtain the substance from 
thymus nucleic acid has been successful. 

It is necessary to refer in this connection to an interesting but 
somewhat puzzling contribution of London, Schittenhelm and 
Wiener® who studied: the decomposition of nucleic acid brought 
about by the intestine. They obtained from among the products 
a slight amount of a substance which contained organically bound 
phosphorus and purine base but the amount of material was too 
small for an exact identification. In parentheses they add “ (Am- 
moniumsalz der Guanylsiure?)”’ and continue to state how they 
isolated and completely identified guanosine and mention a some- 
what less conclusive identification of adenosine. It is interesting 
to note that thymus nucleiaacid was employed in their experiments. 


7 Jones: this Journal, ix, p. 169. 
* Amberg and Jones: Zeitschr. f. physiol. Chem., \xxiii, p. 407. 
* Zeitschr. f. physiol. Chem., \xv. p. 459. 
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THE EXCRETION OF IRON IN THE URINE IN 
PNEUMONIA. 


By EDWARD H. GOODMAN. 
(From the Laboratory of Dr. John H. Musser, Philadelphia, Pa.) 


(Received for publication, April 20, 1912.) 


Normal excretion of tron. For many years it was a mooted ques- 
tion whether the urine contained iron, and among those who ques- 
tioned its presence were Becquerel, Herberger, Lehmann, Schroff 
and Schlemmer. In 1820 Tiedémann and Gmelin pointed out that 
iron was constantly present, and in this they were confirmed by a 
host. of observers. The reason for this difference of opinion lies, 
as suggested by Hoffmann, in the too small amounts of urine ex- 
amined by Becquerel and his followers.!. In the early estimations 
of iron, widely varying figures were obtained, but since the report 
of Neumann? and of Neumann and Mayer’ it is generally accepted 
that the normal twenty-four-hour output.of iron is about 1 milli- 
gram. 

Excretion of tron under pathological conditions. The excretion 
of iron in disease has been more or less carefully studied, but one 
must view with some scepticism results reported before the descrip- 
tion by Neumann of his method. Diseases of the blood have, as 
might be expected, received the greatest attention although evi- 
dences of sporadic interest in other diseases are not wanting. 

Chlorosis. Zander‘ found a decided decrease in the urinary iron 
although he gives no definite figures. Quincke® showed that the 
amount of iron excreted varied with the stage of the disease; in 


1 For literature see Kennerknecht: Virchow’s Archiv, cev, p. 89, 1911. 
2 Neumann: Zeitschr. f. physiol. Chem., xxxvii, p. 114, 1903. 

’ Neumann and Mayer: Ibid, xxxvii, p. 143, 1903. 

‘Cited from Kennerknecht: loc. cit. 

5 Cited from Kennerknecht: loc. cit. 
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38 Urinary Excretion of Iron in Pneumonia 


the beginning, there was an increase over normal, while in the 
later stages there was a diminution, and as Kennerknecht says, 
this may explain why Lehmann‘ found an increase. Hunter’ 
reported a marked reduction in iron, and ten years later Jolles 
and Winkler® confirmed this finding only in less degree. 

Pernicious anemia. In 1890 Hunter studied the iron output in 
a case of pernicious anemia and found that although there was an 
increased output in the urine the maximum was reached three 
weeks before death when the anemia was most intense. At this 
time 32.26 mgms. were found, and a week before exitus, this had 
dropped to 6.52 mgms. while two days before death there was only 
1 mgm. Damaskin® reported increased amounts of iron, up to 
3.08 mgms. a day, and Hopkins’® found variable amounts, the high- 
est being 8.3 mgms. on one day, while shortly afterwards only 
traces were found. 

Kennerknecht" found that the amounts of iron varied according 
to the stage of the disease analogous to the finding of Quincke in 
chlorosis, sometimes being increased and sometimes being decreased. 

Leukemia. The study of the iron in the urine in this disease has 
received some attention. Jolles and Winkler reported a decided 
increase in the excretion of iron and Hoffmann a moderate increase. 
Mayer found 3.407 mgms. using Neumann’s method. Kenner- 
knecht studied the effect of X-rays on the excretion of iron during 
the treatment of myelogenous leukemia by this method, and found 
that the already increased amount of urinary iron was increased 
still further by the use of the Roentgen ray. 

Nephritis. Damaskin found a variance in iron depending on 
the form of nephritis present, it being slightly increased or normal 
in interstitial nephritis and greatly increased in the parenchymatous 
form. Jolles and Winkler found it increased in every form of 
nephritis. Corroboration of the increased amount of iron in chronic 
interstitial nephritis is offered by Neumann and Mayer. 


6 Cited from Kennerknecht: loc. cit. 
? Hunter: Brit. Med. Journ., July 5, p. 1, 1890. 

8 Jolles und Winkler: Arch. f. exp. Path. u. Pharm., xliv, p. 464, 1900. 
® Cited from Kennerknecht: loc. cit. 

10 Hopkins: Guy’s Hospital Reports, 1, p. 373, 1894. 

1 Loc. cit. 
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Miscellaneous diseases. 


1 a RRR et ieee ‘ey 
Pneumonia............. Decrease 

ae eae ee Increase......... Colasanti and Jacoangeli. 
Obstructive jaundice...Normal........... Damaskin. 

Catarrhal jaundice..... Slight decrease | 

Alimentary glykosuria. . Normal | Jolles and Winkler. 

BN o's Ko lek rice as Increase 

Carcinoma of stomach. . Increase 

PU oaks ces. UES Decrease......... Neumann and Mayer. 
ER, ee Increase......... Colasanti and Jacoangeli. 
eee Increase 

Typhoid fever......... Increase : 
Erysipelas..............Inerease : 
Cholelithiasis...........Increase { “""*”’ ineacss uaadinataicts 
Cirrhosis of the liver... Increase 

Alcoholism-chronic..... Increase 


In all these articles referred to above there is but one mention 
of the study of the urinary ironin pneumonia. This is striking in- 
asmuch as one would expect to find very interesting results during 
the course of the infection. 

Our interest in morbid process, as far as the latter concerns 
us in this paper, is especially concentrated on the erythrocytes. 
In health, as is well known, the red blood cells gfter a certain period 
of life, are eventually destroyed, and following their dissolution are 
probably taken up by the leucocytes and by them transported to 
the liver, spleen and bone marrow. Of the iron thus liberated, a 
part finds its way into new erythrocytes and a part is excreted, and 
for this excretion two possibilities are recognized by von Noorden,!” 
the ‘“‘mechanische Entfiihrung”’ and “besondere Zerfallsvorginge. ”’ 
In health the latter plays no réle,and the quantity of iron which is 
eliminated in twenty-four hours is derived for the most part from 
the iron contained in the food and in lesser degree from the destruc- 
tion of worn-out erythrocytes. 

If we revert to the pathology of a pneumococcus infection of 
the lung it will be seen that during the first stage of the disease— 
the stage of congestion—the erythrocytes may be held to be hyper- 
functioning, and having more work to do, their period of activity 
is curtailed, their life cycle is shorter, and they are destroyed earlier 


12 Cf. Neumann: loc. cit. 
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than is a red cell existing under normal conditions. In the stage 
of hepatization owing to the segregation of gargantuan numbers of 
erythrocytes, there should be a withdrawal of cells from the cir- 
culation and hence an oligocythemia, which has indeed been 
described by Bollinger (Osler). When autolysis of the exudate 
sets in (stage of resolution), the iron pigment of the erythrocytes 
is set free, and there should be, hypothetically, what might be 
termed hypersideremia. In this rapid holocaust of red cells, we 
have von Noorden’s ‘‘ besondere Zerfallsvorgiinge”’ typically exem- 
plified. The iron metabolism, theoretically be it remembered, 
should therefore be such that in the early stage one would find per- 
haps a slight increase in the urinary iron, in the middle stages, a 
decrease, with the crisis and thereafter, a marked increase. Evi- 
dence of the last named is seen in the icterus which often accom- 
panies pneumonia. 

The urine was collected for twenty-four hours and the iron esti- 
mated by the method of Neumann" using 500 cc. of urine when the 
daily amount of urine permitted. 

We have studied four cases occurring in the University Hospital. 
Some we saw early in the disease and some later, but it was unfor- 
tunate that we were not able to continue the investigations over 
a longer period of time following the crisis. As far as possible, 
only cases which promised to have a favorable outcome were chosen, 
and only those whose pulmonary signs gave no room for doubt as 
to the correct diagnosis of croupous pneumonia. Unfortunately, 
examination of the stools could not be undertaken. 

We are indebted to Dr. Stengel for the privilege of studying his 
cases, the other cases occurring on the service of my lamented 
Chief, Dr. John H. Musser. 

During the examination the patient received no iron medication 
and was on a diet, consisting for the most part of milk, which 
was practically iron-free. 
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13 Osler: Practice of Medicine (sixth edition), p. 177. 
14 Cf. Kennerknecht: loc. cit. 
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Service of Dr. Musser, University Hospital. 


DAY OF ILLNESS URINE IRON 
cc. mg. 

vb sind 5 970 4.040 
Paap 6 1000 2.20 
dates 7 510 1.24 
By a's 8 1380 1.299 
spate 9 1160 0.635 
ae 10 (crisis) 800 4.676 
.... First day after 

crisis 920 3.650 
.... Second day after 

crisis 1170 1.562 


*On this day patient looked as if he were going to have his crisis but he developed ery- 
sipelas of his nose which influenced the temperature curve and the estimations were discon- 


tinued. 


Case 2—Lillian J. 


January 30-31........... 
January 31-February 1... 
February 1-2............ 
February 2-3............ 
February 3-4............ 


February 4-5............ 


Case 3—Thomas F. 
February 4-5............ 
February 5-6............ 
February 6-7............ 


Case 4—Edward S. 


February 28-29.......... 


Service of Dr. Stengel, University Hospital. 


rg ae S 1150 1.4 
oe q 220 1.2 
eater 10 560 0.38 
ye 11 (crisis) 540 0.638 
.... First day after 

crisis 295 0.10 
.... Second day after 

crisis 510 0.800 


Service of Dr. Musser, University Hospital. 


4 2480 


es 0.25 
res 5 (crisis) 2200 1.26 
.... First day after 

crisis 980 2.00 


Service of Dr. Stengel, University Hospital. 


PO Dr sbikews sn dunes eau 


Neue eo wk 


March 1-2.... 


OS | SE aa 





eee 5 770 0.6 
jah 6 920 1.0 
7 (crisis) 630 2.38 


First day after 
crisis 
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A study of these figures makes apparent the distinct curve of 
urinary iron excretion during the course of pneumonia, there being 
hyposiduria during the height of the infection, and in every instance 
a relative hypersiduria (in most cases an absolute hypersiduria) 
at the crisis or during the first day following. It would be of great 
interest to study the iron metabolism in a case of pneumonia with 
icterus as this might be able to shed some light on the question of 
hemolytic jaundice. Unfortunately no such case presented itself 
while the study of these cases was in progress. 









STUDIES IN THE ACTION OF TRYPSIN. 


II. (a) ON THE INFLUENCE OF THE PRODUCTS OF HYDROLYSIS 
UPON THE RATE OF HYDROLYSIS OF CASEIN BY TRYPSIN; 
(b) THE AUTOHYDROLYSIS OF THE CASEINATES. 
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In a previous communication! it was shown that the basic 
caseinates of the alkalies and alkaline earths are hydrolyzed by 
trypsin with approximately equal velocities for all concentrations 
of substrate between 0.2 and 4 per cent and that therate of hydrol- 






ysis obeys the molecular reaction formula, log ,, — = Kt, during 





all stages of the reaction and also that the influence of the trypsin 
in accelerating the reaction is that of multiplying the velocity 
constant K in the equation by a factor proportional to the con- 
centration of the enzyme. It was inferred that the products of 
hydrolysis had little or no influence upon the rate of hydrolysis. 
_ The depressant action of the products of hydrolysis has been 
* shown by Bayliss,? and Hedin.* Bayliss used 5 per cent solutions 
of casein in each digest to which were added equal amounts of 
trypsin and varying amounts of concentrated digestion products. 
These substances were found to have a retarding action which 
increased with increasing amounts of the products. He considered 
this effect due in part to a combination occurring between the 















1E. H. Walters: This Journal, xi, p. 267, 1912. 
2 Bayliss: Arch. sci. biol (St. Petersburg, 1904), 11 supplement, p. 261; 
reprinted in the Collected papers of the Physiological Laboratory, University 
College, London, xiii, 1903-5. 
* Hedin: Journ. of Physiol., xxxii, p. 468, 1904; Ibid, xxxiv, p. 370, 
1906. 
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trypsin and products, thus actually reducing the active mass of 
the ferment. 

The experiment which I am about to describe shows that this 
impeding action has been overstated and that the rapid falling 
off in the velocity constant in Bayliss’ experiments was undoubt- 
edly due to the very rapid destruction of the trypsin by the high 
alkalinity of his solutions. He used 2 cc. of * ammonia to 6 ce. 
of the system. In the paper referred to above a number of experi- 
ments upon the hydrolysis of casein by trypsin were reported 
which indicate that the influence of the products of hydrolysis 
upon the rate of hydrolysis is only very slight. It appeared 
important, however, to determine accurately the extent of this 
influence and it was with this object that the following experiment 
was undertaken. 

The casein and trypsin employed were the same as were used 
in my former experiments and the experimental procedure was 
precisely identical. The actual experiment was carried out in 
the following manner. ; 
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A 0.5 per cent solution of basic sodium caseinate was made by dissolving 
36 grams of purified casein in 288 ce. of 7 NaOH and diluting to 7200 ce. 
with distilled water, as free from carbon dioxide and ammonia as could be 
accomplished by boiling, and 100 ec. placed in Erlenmeyer flasks of 200 
cc. capacity provided with tightly fitting rubber stoppers. These solu- 
tions are neutral to phenolphthalein, 7.e., faintly alkaline, the OH~- con- 
centration being 10-> x. Taylor‘ and Robertson and Schmidt® have found 
that trypsin acts most energetically in solutions of this alkalinity. 

A strong solution of the digestion products was prepared by allowing 
1 liter of a 2 per cent sterile solution of basic scdium caseinate to digest 
fora month. This solution was then heated to boiling to destroy the last 
traces of trypsin that might possibly be present and evaporated down to 
400 ec. on an air bath heated by an electric bulb at 55°C. This concen- 
trated solution of the products of the tryptic digestion of casein was a 
clear yellow-brown syrupy liquid which is just about saturated with respect 
to tyrosine. 

To each of a set of six flasks of the casein solution were added 0.2 cc. 
of toluol, 1 cc. of a 1 per cent solution of the trypsin which had been fil- 
tered and 1 cc. of the solution of the products. To another set of six flasks 
were added the same quantities of toluol and trypsin and 2 cc. of the pro- 
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‘Taylor: Univ. of Calif. Pub. Pathol., i, p. 251, 1907. 
5 T. Brailsford Robertson and C. L. A. Schmidt: This Journal, v, p. 31, 
1908. 
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ducts and so on up to 10 cc. A control experiment of six flasks containing 
none of the products was made simultaneously. In addition to this, 
25 ec. of products were added to each of the two digests containing the 
same amount of trypsin as the others and allowed to incubate for three 
hours when the undigested casein was measured. In order to determine 
the effect of diluting the system, 10 cc. of pure water were added to two 

digests and 25 cc. to two others; the same quantity of trypsin was added 

to each and the whole allowed to digest for three hours. We have then 

eleven sets of six digests, each containing varying amounts of the products 

of hydrolysis from 0 to 10 cc., one set of two flasks, each containing 25 cc.., 

and two sets of two flasks, each containing none of the products, but instead, 

10 and 25 cc. of pure water respectively. The experiments were carried 4 
out at the same temperature simultaneously so that the concentration ' 
and activity of the trypsin would be the same in each. 

The solutions were warmed separately to the temperature of the incu- : 
bator and the products and the trypsin added to the casein digests and ; 
allowed to incubate at 37.5°C. = 0.5°. Two flasks from each set were 
taken out after one, two, and three hours and the casein determined in 
each by precipitating’ with acetic acid and subsequently estimating the 
quantity of nitrogen in the precipitate.*® 

The initial amount of casein in each digest was found from the mean 
of two determinations to be 428.5 mgms. The results are tabulated in 
the following tables: 





















TABLE I. 
Set A— 0 cc. products. 












HOURS a-—z Log 5 —* K 
=z 






428. 






0 5 

| 243.0 0.24634 23 X10- 
2 126.5 0.52986 26.5 X 10-* 
3 71.1 . 78008 26 X 





Set B—1 cc. products. 













5 0.22969 
9 0.48304 24 10- 
0.76389 












_ Set C— 2 cc. products. — 






0 428.5 

1 258 .3 0.21983 2 xh 
2 148.1 0.46139 ~~ a 
3 x 


78.8 0.73542 24.5 





* The details of the method are given in the first paper of these studies 
to which reference has been made elsewhere. 
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TABLE I—Continued. 


Set D—8 cc. products. 


@=—Z 


428.5 | 

253.8 0.22746 23 x10 
147.6 0.46286 | 23 x10— 
78.8 0.73542 24.5 x 10-2 


Set E—4 cc. products. 


428.5 

257 .4 | 0.22134 
149.4 0.45760 
99.9 0.63238 


Set F—éScc. products. 


0.18775 
0.37764 
0.60216 


Set G—6 cc. products. 


428.5 

277 .2 0.18916 
176.0 0.38644 
113.07 0.57887 


Set H—7 cc. products. 


: } 
428.5 | 


272.3 0.19690 
188.1 0.35756 
120.6 0.55060 


Set I—8 cc. products. 
428.5 | 
278.0 0.18791 
177.8 | 0.38202 
122.9° | 0.54240 
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TABLE I—Continued. 
Set J—9 cc. products. 





HOURS a—z Log ,, ae K 
pat. 






428 5 







1 277.2 0. 18916 19 x 10-7 
2 200.7 0.32940 16.5 X 10-* : 
3 133.2 0.50745 17 xX 107 





Set K—10 cc. products. 











0 428.5 | | 
1 272.7 0.19626 19.5 x 10- 3 
2 194.0 0.34415 17 xv J 
3 144.0 0.47359 16 x 10-+ } 

Set L—25 cc. products. 
0 428.5 






200.0 0.33092 










Set M—10 cc. HO. 


uo 


0 428. 
5 






0.74265 





Set N—25 cc. HO. 











$28.5 
79.0 







0.73432 24.5 x 10-* 





The above results show that the products of hydrolysis have 
only a very slight impeding action on the rate of hydrolysis. 
This fact is shown more clearly in fig. I in which A represents 
the normal change and B the course of the reaction under the 
influence of the most concentrated products. 








THE AUTOHYDROLYSIS OF THE CASEINATES. 











In the researches on casein little importance has been assigned 
to the fact that it undergoes fairly rapid autohydrolysis in neutral 
sterile solution. Robertson’ made a few experiments in this con- 






7T. Brailsford Robertson: Univ. of Calif. Pub. Physiol., iii, p. 174. 
1909, (see footnote). 
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nection and found for a 2.8 per cent solution of neutral sodium 
caseinate that the velocity constant (calculated from the monomo- 
lecular reaction formula, common logarithms being employed and 
the time expressed in hours) was, after twenty days at 36°C., 
0.000518. 
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TIME HRS. 
FIG I. 





It appeared important to follow up this observation and to 
determine the relation between the time of the autohydrolysis 
and the amount of protein transformed, and also to determine 
the relation between the nature of the base combined with the 
casein and the rate of autohydrolysis. Unfortunately experiments 
of this character occupy a considerably long period of time and the 
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results obtained are not as satisfying as would be desired, due to 
certain uncontrollable errors that do not enter into short experi- 
ments. However the results of the experiments carried out are 
very suggestive and serve to show the magnitudes and general 
course of the reactions. 


EXPERIMENT 1. Solutions of the neutral caseinates of lithium, sodium 
and potassium were made in the usual way such that the proportion of 
base to casein was 50 X 10~-° equivalents per gram. One hundred cubic 
centimeters of the respective solutions were placed in Erlenmeyer flasks 
of 200 ce. capacity, a few drops of toluol were added and the flasks tightly 
closed with clean rubber stoppers and allowed to digest at 37.5°C. = 1° 
The following results were obtained. 


TABLE II. 


Autohydrolysis of neutral caseinates (37.5° + 1°). 
Neutral lithium caseinate. 


TIME IN 


HOURS os 





ae | 188.0 | 
6 | 176.2 0.02815  0.0002932 . 
| 170.1 0.04346  0.0002263 | 


Neutral sodium caseinate. 


185.4 | | 
172.8 0.03057  0.0003184 
164.0 | 0.05327 0.000274 | 


Neutral potassium caseinate. 


| | 188.1 | 
| 11.7 | 176.4 | 0.02789 | 0.0002905 
| 


192 | 18.9 169.2 | 0.04599 | 0.0002395 





The figures in the column headed a — z are each the mean of 
three determinations. These solutions are neutral to litmus and 
therefore approach as nearly as possible absolute neutrality. It 
is improbable, therefore, that the comparatively rapid autohy- 
drolysis is due entirely to H and OH ions. The above results 
show that the neutral caseinates of Li, Na, and K are hydrolyzed 
with approximately equal velocities. It will also be observed 
that they do not obey strictly the monomolecular reaction for- 
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mula as the values of the constants diminish as the reaction 
proceeds. 


EXPERIMENT 2. Solutions of the basic caseinates of Li and Na were 
prepared in the usual way such that the proportion of the base to casein 
was 80 X 10-5 equivalents per gram. These solutions are neutral to phenol- 
phthalein and have an OH~ concentration of 10-* n. The experiment 
was carried out in precisely the same manner as the previous one. The 
following are the results obtained. The figures in the column headed a —z 
are each the mean of three determinations. 


TABLE III. 


Basic lithium caseinate. 37.5°C. = 1°. 


TIMEIN | | - 
BOURS z a-zZz y . K 


0 0 | 177 
45 | 7 | 170 | 0.01752 0.0003893 
137. | 15 | 162 0.03845  0.0002807 
281 | 23 | 154 | 00002151 


Basic sodium caseinate. 37.5°C + 1°. 


0 | 175 | | 
45 169 0.01517 | 0.0003371 | 34 
137 161 0.04621  0.0003373 34 


| 
281 152 0.06120  0.0002178 | 22 


EXPERIMENT 3. This experiment was carried out in exactly the same 
way with.the basic caseinates of Ca and Ba. 


TABLE IV. 
Basic calcium caseinate. 38.5° C. + 1°. 


| 
TIME IN ice lf oe 
HOURS atte | 10 g@—z K 
| 





0 153 
144 113. | 0.13162 —-0.0009139 
288 105 | 0.16350  0.0005677 | 
432 | 93 | 0.21621 | 0.0005005— 


Basic barium caseinate. 
153 | 
113. | 0.13151 | 0.0009139 
102 0.17609: 0.0006115 
| 87 | (0.24517 | 0.0005675 
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The results tabulated in the above tables show that the basic 
caseinates of Li and Na are hydrolyzed with equal velocities 
and that the velocity constant is slightly higher than that ob- 
tained for the neutral caseinates. The rate of autohydrolysis 
of the basic caseinates of Ca and Ba is about three times as great 
as that of Li and Na. This fact indicates that some factors 
other than H or OH ions accelerate the reaction. The above 
experiments on the autohydrolysis were all carried out with the 
same preparation of casein so that the results are in every way 
comparable. It will be observed, also, that in all cases the values 
of the velocity constants diminish as the reaction proceeds, thus 
indicating that the reaction is a reversible one and that the point 
of equilibrium is attained beforecomplete hydrolysis. Itappeared, 
therefore, that probably the accumulation of the products of 
the reaction caused the falling off in the velocity constant. I 
therefore set out to determine this influence in the following way. 


EXPERIMENT 4. A 0.4 per cent solution of basic sodium caseinate was 
prepared and 100 cc. digests prepared in the usual way except that 150 cc. 
reagent bottles were used instead of Erlenmeyer flasks. A strong solution 
of the products of the tryptic digestion of casein was prepared as described 
in the first part of this paper such that 10 cc. contained the products 
that would be obtained from the complete hydrolysis of each digest. Var- 
ious amounts of this solution were added to the solutions under inves- 
tigation and the digestion carried out at 73°C. = 1°. Two experiments 
of the same general character were carried out at different times. The 
results obtained are tabulated in the following tables. 


TABLE V. 
0 cc. products. 73° C= 1°. 


‘neues ~— Log ,, =r" 
0 0 360 

24 319 0.05251 

48 63 297 0.08354 

72 271 0.12333 








7 cc. products. 





360 
324 =: 0.04575 
2098 = 0.08208 ~=—-: 0.001710 
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TABLE V—Continued. 
10 ¢ ce. :. products. 


TIME IN a 
=ecan z a—z | es eee | K 


ee 0 360 
24 34 326 0.04308 | 0.001795 18 
48 54 306 0.07058 0.001470 15 








TABLE VI. 
0 cc. products. 72° C. + i". 


TIME IN | in 
poem o-* | Stee | 
. | — 





4 | 355.5 | 
48 | 72.9 | 282.6 | 0.09967 | 0 
96 | 252.0 | 0.14944 | 0 


| 0 ce. . products. 


355.5 
302 0.07083 0.001476 
271 | 0.11787 0.001228 








20 cc. products. 


0 355.5 
48 317 








0.04978 0.001037 10.5 


| 
| 
% | 70 | 285.5 | 0.09523 0.000902 10.0 





These experiments show that the sates of tryptic digestion 
do not entirely account for the slowing of the reaction, and only 
the largest amounts of these substances cause a falling off in the 
velocity constant equivalent to that occurring in the normal reac- 
tion. If the phenomenon is due to the influence of the products 
of the reaction then the products of tryptic digestion of casein 
are not identical with those of the autohydrolysis. 

To obtain a solution of the products of the autohydrolysis 
unaltered is not so easy as might at first be supposed. Osborne 
and Guest® observed that complete hydrolysis is not effected until 
the casein is boiled with strong hydrochloric acid for much more 
than twenty-four hours. Their results show that an appreciable 
quantity remained undigested after ninety-six hours boiling with 
strong hydrochloric acid. I have had a2 per cent solution of basic 


*T. B. Osborne and Guest: This Journal, ix, p. 333, 1911. 
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sodium caseinate heating in a water bath under a reflux condenser 
for one hundred and sixty-eight hours and the solution still gave 
a heavy precipitate upon the addition of acetic acid. Further- 
more, there is no means of separating the undigested casein from 
this solution except by means of a precipitating agent like acetic 
acid, since the caseinates of the alkalies pass through a clay filter 
and are not precipitated by substances in fine suspension, such 
as animal charcoal or asbestos. When heated in an autoclave 
at 150°C. for two hours casein is precipitated from its solution 
in NaOH and Ca(OH):. Almost complete precipitation is effected y 
when Ca(OH). is used as solvent. When casein is dissolved in 
Ca(OH). in the proportion of 1 gram to 80 X 1075 equivalents 
of base the protein can be precipitated by shaking with finely 
divided animal charcoal. Osborne’ found that the caseinates 
of the alkaline earths would not pass through a clay filter. It 
appeared, therefore, that these two properties would each afford 
a convenient method of obtaining a solution of the unaltered 
products of the autohydrolysis of calcium caseinate from a solu- 
tion only partially digested. Proceeding with this in view a 2 
per cent solution of basic calcium caseinate was heated in a water 
bath under a return condenser. After thirty-six hours a very 
appreciable quantity of the casein was coagulated. In one instance 
Osborne observed a slight coagulation of casein salts of calcium, 
magnesium, barium, strontium, caffeine and strychnine at tem- 
peratures as low as 35° and 45°. 

It is evident, therefore, that the digestion should be carried ; 
out at comparatively low temperatures. This, however, will re- 4 
quire a period of several months before a sufficient quantity of i 
the products can be obtained. 




























SUMMARY. 






1. The products of the tryptic digestion of casein have only a 
very slight impeding action on the velocity of hydrolysis of casein 
by trypsin and this effect increases as the quantity of the products 
increases. 

2. When a filtered solution of Griibler’s trypsin is heated to 
40°C. a white flocculent precipitate separates out after about 







*W.A. Osborne: Journ. of Physiol., xxvii, p. 398, 1901. 
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forty-eight hours standing. The filtrate from the mixture, how- 
ever, contains the active substance which is capable of hydrolyzing 
casein. If the solution is heated to a higher temperature (boiling) 
the precipitate separates out immediately. 

3. Neutral caseinates of Li, Na and K in sterile solution undergo 
comparatively rapid autohydrolysis, approximately 5 per cent 
of the substrate being hydrolyzed in ninety-six hours at 37.5°C. 
The basic caseinates of the same bases undergo autohydrolysis 
at a slightly higher velocity. 

4. The velocity constant for the autohydrolysis of the basic 
-easeinates of Ca and Ba is about three times as great as that for 
Li and Na thus indicating that some factor other than the H or 
OH ions plays a part in accelerating the autohydrolysis. Upon 
long standing it was observed that these salts had a very slight 
tendency to coagulate at a temperature of 36°C. when strong 
solutions were employed. In comparatively weak solutions this 
change was not observed. 

5. The velocity constant for the autohydrolysis of the neutral 
and basic caseinates of the alkalies and alkaline earths calculated 


a pet hge 3 iss 
from the monomolecular formula, Log;, —-— = Kt, diminishes 
a-—z 


as the reaction proceeds. 

6. The influence of the products of the tryptic digestion of 
casein upon the rate of autohydrolysis of basic sodium caseinate 
at 73°C. = 1° is only very slight and does not account for the 
rapid falling off in the velocity constant in the normal reaction of 
autohydrolysis. If the phenomenon is due to the influence of the 
products of the reaction then the products of the tryptic digestion 
of casein are not identical with those of the autohydrolysis. 

7. The temperature coefficient for the autohydrolysis of basic 
sodium caseinate between 37° and 73°C. is approximately 7. 

8. The failure to get complete hydrolysis of the neutral and 
basic caseinates in the absence of a ferment or any other catalyser 
indicates that in the process of the hydrolysis of casein by trypsin, 
which is a monomolecular reaction, the station of equilibrium is 
shifted in the direction protein — products by the enzyme. 

It is a pleasure to thank Dr. T. Brailsford Robertson for his very 
valuable advice and unremitting interest during the progress of 
these studies. 
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In the first paper on this subject it was shown that both the 
thyroid and suprarenal glands from beef, hog and sheep contain 
their active principles not only at time of birth of the animal but 
also in the fetus. In the first series of experiments no distinction 
was made as to the sex of the fetus nor was the relation between 
the glands of the pregnant animals and those of the correspond- 
ing fetuses considered. Another important factor which has not 
been taken into consideration is the relative activity of the ductless 
glands of the fetus and of the corresponding digestive glands. As ' 
far as the available material permitted, these problems are dis- 
cussed in the present paper. 

With reference to the age and sex of the fetus two important 
questions naturally suggest themselves, namely, how soon after 
conception do the glands of the fetus contain active principles, and 
does the content of active principles in these glands bear any rela- 
tion to the sex of the fetus? In trying to answer these questions 
the following set of experiments was made. The work was limited 
to glands from cattle, as the fetuses of sheep and hogs were too 
small for practical purposes. 

Three stages of age were selected, namely, the fetus six to twelve 
weeks old; the fetus four to five months old; and suckling calves 
six weeks old. The glands from the different sexes of the animals 
were prepared for analysis by trimming and weighing, mincing, 
drying at 35° to 50°C. to constant weight, and freeing from fat 
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by extracting with petroleum ether in the Soxhlet’s extractor. All 
the determinations were made in duplicate on composite samples 
of glands from the number of fetuses and young animals specified 
in the tabulation below. The thyroid as well as the suprarenal 
glands were obtained from the same animal in all instances. 


TABLE 1. 


FETUS, SIX TO TWELVE FETUS, FOUR TO FIVE SUCKLING CALVES, SIX 
WEEES OLL +! MONTHS OLD WEEKS OLD 





Male Female Male Female Male Female 








Number of | 
fetuses 20; W 9 17 23 
Average weight | 


of fetuses, 
626 5320 
Average weight 
of thyroid | 
glands, grams.. | 0.29 1.90 
Average weight | 
of suprarenal | 
glands, grams. 0. 0.08 
Iodine in desic- 
cated fat-free 
thyroids, per 


Epinephrin in 
desiccated fat- 


free supra- 
renals, per cent. 3.20 — 3.40 3.80 420 2.60 3.00 








The above figures show definitely that both the thyroid and 
the suprarenals of the fetus contain active principles within a few 
weeks after conception. Also, the epinephrin in the suprarenals 
seems to be present in larger and more uniform proportions than 
the iodine in the thyroids. The amount of iodine in the thyroids 
does not seem to have any definite relation to the difference in sex, 
whereas the quantities of epinephrin in the suprarenals seem to 
be slightly higher throughout in the female than in the male gland. 
It will, however, require more extended investigations to decide 
whether these observations will hold good throughout, or are purely 
accidental. 
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In order to ascertain if the thyroids from sheep and hogs are 
normally enlarged and the secretions increased during pregnancy, 
and whether any definite relationship exists between the amount 
of iodine in the glands of the pregnant animals and those of the 
corresponding fetuses, the following series of experiments was 
conducted on glands from pregnant hogs and sheep and the corre- 
sponding fetuses. Four sets of analyses were made at intervals of | 
a week, two on sheep glands and two on hog glands. This pre- 
caution was taken to insure variation in sources of the stock and to 

eliminate possible influences of local conditions upon the animals 

coming from the same locality. The glands were prepared for 

analysis as described before. 










TABLE 2. 
_ Sheep thyroids. 


FETUS, TWO TO FOUR 
MONTHS OLD 





FETUS, THREE TO FOUR y 
AND A HALF MONTHS 
OLD 













Ewe Fetus Ewe Fetus 



















Number of glands.................} 10 17 8 ca 

Maximum weight per gland, grams 16.8 1.3 8.7 2.3 
Minimum weight per gland, grams —s_ 3.4 0.4 1.8 1.1 
Average weight per gland, grams..., 6.6 0.8 4.7 ne 
Moisture, per cent................. 71.5 80.0 | 60.8 82.7 
Soluble in petroleum ether, per cent) 1.6 0.7. | {&0 0.8 
Desiccated fat-free gland, per cent. 26.9 19.3 | 38:2 16.5 






Iodine in desiccated fat-free gland, 














































Seales a cle ABC ota 
FETUS, THREE MONTHS | FETUS, THREE MONTHS 
OLD OLD 
Sow Fetus Sow Fetus 
Number of glands................. 1 10 4 30 
Maximum weight per gland, grams 11.1 | 0.34 13.0 0.30 
Minimum weight per gland, grams | 11.1 0.27 6.0 0.15 
Average weight per gland, grams...| 11.1 0.30 9.5 0.21 
Moisture, per cent................. | 64.0 85.7 67.4 81.3 
Soluble in petroleum ether, percent) 15.2 1.0 8.7 1.5 
Desiccated fat-free gland, per cent.. 20.8 13.3 23.9 17.2 





Iodine in desiccated fat-free gland, | 
SSeS» SORES Dperapgin ep =? | 0.24 0.11 | 0.45 0.32 
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The results obtained above show decided individual variations 
in the amount of iodine present in the thyroid gland of the hog 
and sheep. They also indicate a definite tendency in the relation 
between the amount of iodine in the glands of the pregnant ani- 
mals and those of the corresponding fetuses. The thyroid gland 
during pregnancy of the hog and sheep does not show any material 
increase in weight or size. The moisture content, however, is 
somewhat lower, and the amount of iodine, in at least some in- 
stances, higher than in the normal glands of full-grown, non-preg- 
nant hogs and sheep. 

So far the writer has dealt with the ductless glands exclusively, 
and while it has been proven satisfactorily that in the fetus, at 
least, the thyroid and suprarenals, contain their active principles 
long before the time of birth, the possibility still suggested itself 
that a similar condition might exist in the digestive glands. 

The digestive glands are not active in the fetus, at least they do 
not exercise the same function before birth as they do after, and if 
we, therefore, should find the same active principles in them before 
birth, we might reason by analogy that the presence of active prin- 
ciple in a gland does not necessarily mean activity on the part of 
the gland. If this should be the case it would conflict with the 
idea expressed by the writer that the amounts of active principle 
present in the thyroid and suprarenals are indications of the rela- 
tive activity and that since the secretions of these glands are neces- 
sary, not merely for the maintenance of life and healthy metabo- 
lism, but also to govern the growth of the young animal, we might 
reasonably expect to find these glands active, not merely at the 
time of birth, but also in the fetus, especially as these glands only 
produce internal secretions, which as far as we know, do not enter 
the alimentary tract.’ 

Of the digestive glands the hog pancreas was found most suitable 
for investigation, partly on account of the size, and also because 
the methods for the assay of the diastatic ferment are, in practice, 
best known as applied to the product obtained from the hog. The 
pancreas from full-grown hogs as well as from the fetuses were 
collected simultaneously with the thyroid glands. 


1'This Journal, xi, p. 489, 1912. 
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The U. 8. Pharmacopoeia (1905) test for diastatic power of 
pancreatin was applied both to the desiccated fat-free pancreas of 
the hogs and the fetuses. It was found that while the pancreas 
from the full-grown animals showed a diastatic power of 1:40 in 
five minutes, the pancreas from the fetuses showed a diastatic 
power of only 1:2.5 in one hundred and twenty minutes, or a mere 
trace. Desiccated pancreas testing 1:40 in five minutes in dia- 
static power will test approximately 1:350 in one hundred and 
twenty minutes. In this instance, therefore, the pancreas from 
the full-grown hogs showed a diastatic power approximately one 
hundred and forty times higher than the pancreas from the fetuses, 
while the thyroids from pregnant hogs contained only from one- 
half to one-third more iodine than the corresponding fetuses. 

When these facts are taken into consideration, and when it is 
borne in mind that hepatic and renal activities are established at 
an early date during intra-uterine life, it seems reasonable by 
analogy to assume that both the thyroid and suprarenals of the 
fetus take a distinct and active part in the growth and develop- 
ment of the unborn animal. 
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In a paper published several years ago, Moll! reported the ap- 
parent conversion of serum albumin into serum globulin. This 
change was accomplished by heating the albumin at 55° to 60°C. 
for an hour after the addition of a little dilute alkali. In the proc- 
ess, a part of the sulphur of the protein was split off, and the result- 
ing products had the properties and the elementary composition. 
of the so-called “‘eu-” and “ pseudo-”’ globulins. 

Moll considered that his artificial globulins were identical with 
the serum globulins. He further suggested that the well known 
increase of the serum globulin content of the blood,? along with 
coincident fall in the serum albumin, might be explained as the 
result of a similar change. 

The results obtained by Moll were at first generally accepted. 
Hammarsten® has pointed out, however, that a true conversion of 
the serum albumin into serum globulin is a priori out of the ques- 
tion; for by the action of a weak alkali on the albumin, which 
yields no glycocoll on cleavage, we cannot expect to obtain a pro- 
tein which contains glycocoll. 

Recent observations on the formation of hippuric acid, indicate 
that the glycocoll may be either synthesized in the body or formed 
by the cleavage of other amino-acids. Thus A. I. Ringer* has 



















1 Moll: Hofmeister’s Beitrdge, iv, p. 563, 1904; vii, p. 311, 1906. 

? For the literature, see Gibson and Banzhaf: Journ. of Exp. Med., xii, p. 
411, 1910. 

3 Hammarsten-Mandel: Tezt-book of Physiological Chemistry, p. 103, 1911. 

‘A. I. Ringer: This Journal, x, p. 327, 1911. 
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found that goats have the power of eliminating hippuric acid con- 
taining much more glycocoll than would be found preformed in the 
proteins metabolized. Epstein and Bookman’ have also shown 
that after carbohydrate feeding, the production of glycocoll for 
the formation of hippuric acid can occur independently of the rest 
of the protein metabolism. The possibility of the formation of 
glycocoll from other amino-acids, at least in vivo, is not excluded. 
Osborne and Mendel® have just shown, also, that certain pro- 
teins, deficient in glycocoll, not only will maintain the normal 
waste and repair of the tissues, but will even serve for growth 
purposes as well. 

Recently Breinl,’ extending the work of Cervello® on the quanti- 
tative alterations of the blood proteins after the administration 
of antipyrine, has described an increase in the serum globulinand a 
diminished albumin content of similar character to the changes 
reported during immunization. He believes that he is dealing 
here with a transformation identical with Moll’s conversion. 
Breinl also points out that the glycocoll, which is present in the 
normal serum globulin, might be formed from the cleavage of the 
cystine of the serum albumin and would accordingly be obtained 
on the hydrolysis of the artificial serum globulin. 

Partly in view of this newer work on the blood changes after 
antipyrine and on the origin of glycocoll, and in part as a prelimi- 
nary work for the study of the nature of.the protein changes dur- 
ing immunization, it seemed worth while to take up once more 
this so-called transformation of serum albumin intoserum globu- 
lin. The changes which the albumin has undergone in Moll’s 
conversion may most easily be followed by determining the dis- 
tribution of the nitrogen according to Hausmann. If the artifi- 
cial globulin resembled the natural serum globulin in this respect, 
the protein could be hydrolyzed and glycocoll isolated if present. 

The partition of the nitrogen in Moll’s artificial pseudoglobulin 
was accordingly determined. As was expected, it was shown that 
the artificial pseudoglobulin (soluble in saturated sodium chloride 


5 Epstein and Bookman: This Journal, x, p. 353, 1911. 

6 Osborne and Mendel: Bull. of the Carnegie Inst. of Washington, D. C., 
No. 156, Part IT. 

7 Breinl: Arch. f. exp. Path. u. Phar., lxv, p. 309, 1911. 

§ Cervello: Jbid., |xii, p. 357, 1910. 
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solution) differs from the serum albumin—so far as the nitrogen 
distribution is concerned—only in having a smaller amid nitrogen 
content. A determination on some normal serum globulin, pre- 
cipitated at half saturation ammonium sulphate and dissolved in 
saturated sodium chloride solution, was made for comparison. 
The results indicate that the natural and artificial globulins are 
not identical. 

A 2 per cent solution of crystallized and dialyzed serum albumin 
(from horse blood) was heated for an hour with an equal amount 
of ¢) sodium carbonate solution as directed by Moll. The mixture 
was then precipitated with an equal volume of saturated ammo- 
nium sulphate solution. The precipitate was redissolved, again 
precipitated at half saturation, filtered and pressed out between 
filter papers. The artificial globulins were then dissolved in water, 
filtered through pulp, saturated with sodium chloride and filtered 
after standing for a few hours. The ‘globulin’? was almost en- 
tirely soluble in the saturated sodium chloride solution. The fil- 
trate was precipitated with acetic acid, filtered and pressed out 
between dry filter paper. It was then redissolved in water, fil- 
tered through pulp and coagulated by heat. The coagulum was 
collected on a Buchner funnel, washed until the filtrate no longer 
gave a sulphate or chloride reaction, was treated with hot alcohol 
and dried. A nitrogen determination gave 15.95 per cent by the 
Kjeldahl method. 

The determinations of the nitrogen partition for the artificial 
pseudoglobulin are given as percentages of the total protein in the 
following table, along with a similar analysis on the normal serum 
albumin by Osborne and Harris.° 






ARTIFICIAL PSEUDOGLOBULIN |SERUM ALBUMIN 
____ | (OSBORNE AND 


I II HARRIS) 
i ie a ewe cd ae eS ce 0.64 0.63 1.01 
NE ee lic s bs ace tweens 9.38 9.44 9.61 
ern ss eh Se ee ale 5.77 5.88 5.30 


SE Bode bie cade oaks oo Baeatall 0.16 0.14 0.16 


* Denis: This Journal, viii, p. 427, 1910. 
t By difference. 


® Osborne and Harris: Journ. of the Amer. Chem. Soc., xxv, p. 323, 1903. 











64 Artificial Globulin 


As seen in the table, there are no noteworthy differences in the 
nitrogen partition, except the low amid nitrogen. The diamino 
nitrogen is slightly higher than Osborne and Harris’ figure, but the 
method for this determination is hardly exactly quantitative, and 
pronounced differences only can be considered. 

In the following table are given the results of the analyses for 
the nitrogen partition in the saturated sodium chloride soluble 
normal serum globulin (from horse serum). The preparation 
contained 15.60 per cent of nitrogen. The results show a higher 
melanoid nitrogen and the characteristically low basic nitrogen. 
The figures in these respects are essentially different from those 
obtained for the artificial pseudoglobulin. 


NORMAL PSEUDOGLOBULIN 


II 


| 1.04 
| 10.60 
3.51 
0.45 


It would seem, then, that Moll’s artificial serum globulin is to 
be regarded simply as an intermediate stage in the formation of the 
alkali metaprotein. 
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In the synthesis of organic phosphorus compounds by the plant 
and in their storage in the seed as reserve food the inorganic phos- 
phates play an important part. The phosphorus used in this syn- 
thetic process is taken into the plant in inorganic form and used in 
the building up of complex organic phosphorus compounds such 
as lecithins, phospho- and nucleo-proteins and salts of phytic acid. 

It is believed by some investigators that unmodified plant tissue 
and a large number of the seeds contain practically no phosphorus 
in inorganic combination. Since inorganic phosphate is the start- 
ing point in the synthesis of organic phosphorus compounds and 
since there exist in the plant enzymes which have the property of 
splitting off inorganic phosphorus from such compounds, it would 
seem probable that at least an appreciable quantity of phosphorus 
in inorganic form might be found in such plant tissues and seeds. 

At any rate, such a supposition has been well sustained in a 
previous paper from this laboratory by E. B. Forbes, A. Lehmann, 
R. C. Collison and A. C. Whittier, in which was included the 
original acid aleohol method of inorganic phosphorus estimation. 

Methods of estimating inorganic phosphorus in plant substances 
usually begin with some means of acid extraction of the material 
with subsequent separation of the phosphates from the extract. 
Some of the proposed methods may be questioned on the ground 
of mechanical imperfection and also because they do not take into 
sufficient consideration the influence of organic matter on the pre- 
cipitation of phosphates with the common precipitating agents. 
This influence on precipitation was investigated two years ago in 
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connection with the above mentioned paper.! Dilute acid 
extracts of plant substances contain, besides inorganic salts, pro- 
teins, carbohydrates and, in the case of cereals, salts of phytic acid. 
The proteins and carbohydrates both inhibit the formation of 
ammonium-phospho-molybdate and the salts of phytic acid, especi- 
ally, have the property of suppressing the formation of this pre- 
cipitate in a marked degree. This influence of phytin was reported 
upon in our previous publication. That it is no small factor con- 
tributing to the accuracy of the final results can be readily appre- 
ciated from the results below, which are quoted from the previous 


paper: 
TABLE 1. 


Influence of phytin on the precipitation of phosphorus. 


GRAMS PHYTIN GRAMS PHOSPHATE RECOVERED 


1.0000 0.0000 
0.5000 0.0260 
0. 4000 0.0329 
0.3000 0.0371 
0.0000 0.0420 


Phytin is only one of the substances present in acid extracts of 
seeds which may have a retarding or inhibiting influence on the 
precipitation of phosphorus. 

These results, it is believed, indicate very clearly that some 
failures to demonstrate the presence of inorganic phosphorus in 
seeds could have been due to imperfections in the analytical 
methods. 

There is no absolute standard with which we can compare results 
by different methods. The only standard we have for comparison 
is one established by the addition of a known quantity of pure 
phosphate to a plant substance together with the constancy of 
analytical results. Complete recovery of the phosphorus added 
and a constant result for inorganic phosphorus without such addi- 
tion, would then constitute a fair test of any given method. 

The difficulties in precipitation above noted, have been largely 
overcome in the original acid-alcohol method of this department.’ 
A brief description of this method is here given. 


1 Bulletin 215, Ohio Agr. Exp. Sta., April 1910. 
2 Loc. cit. 
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Commercial phytin was dissolved in 0.2 per cent nitric acid and pure 
sodium phosphate, equivalent to 0.0420 gram of magnesium pyrophos- 
phate, wasadded. Acid molybdate solution in excess was then added and the 
solutions digested at 60° C. for one hour. The volume of the solutions was 
about 200 ce. 

Ten grams of the substance were extracted with 300 cc. of 0.2 per cent 
hydrochloric acid for three hours and 250 cc. of the filtered extract were pre- 
cipitated with magnesia mixture and made strongly ammoniacal. After 
twelve hours the precipitate was filtered off and washed with ammonia and 
finally with alcohol. The dried paper with the precipitate wis thoroughly 
shaken with a measured volume of acid alcohol, the mixture filtered, an 
aliquot of the filtrate evaporated and phosphorus determined in the residue. 
















This method avoids the necessity of precipitating phosphorus 
in the presence of proteins and salts of phytic acid. It has now 
been in use for two years in this laboratory and has given more 
satisfactory results than any method previously used. 

In all the plant substances examined from time to time, appreci- 
able quantities of inorganic phosphorus have been found by this 
method. A few results are here given for illustration: 









TABLE 2. 






Total and inorganic phosphorus in a few plant substances. 












SUBSTANCE TOTAL P. INORGANIC P. 








per cent per cent 









Ne peek a 0.397 0.060 
oa nis Abate eaavibalbainee 0.394 0.036 
Ri a a 0.266 0.041 
SE RRR I i Ie gee 0.547 0.054 
ill a all at er li 0.445 0.056 
ee SE pa eS mt Ee OI 0.600 0.027 
PI 6 sith hae Si. 10. Sa 0.230 0.136 






WIR oe BG oti ea be 0.256 0.158 _ 











With substances giving extracts low in organic material, as is 
the case with the rough feeds, such as the hays, and also with many 
other substances the method gives consistent results. But with 
substances giving extracts high in organic material, this method may 
cause, in some cases, high results due to great difficulty in filtering 
the extracts, the prolonged standing probably causing decompo- 
sition of organic phosphorus compounds, and in other cases, low 
results due to the influence of organic substances on precipitation 
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of magnesium-ammonium-phosphate. These difficulties are met 
with especially in the extracts of leguminous seeds which are in 
general extremely difficult to filter. 

With the purpose of eliminating these possible sources of objec- 
tion, the author-proposes a modified and improved method which 
retains the essential point in the original method, namely the acid 
alcohol separation of phosphates from phytates, but differs from 
the original,in the omission of the preliminary acid water extraction 
and magnesia mixture precipitation, the acid alcohol separation 
being performed on the fresh substance direct, and differing also by 
such arrangement of details as permits of the saving of the alcohol. 

As was demonstrated in the publication of the original acid alco- 
hol method, cold acid alcohol (94 per cent alcohol containing 0.2 
per cent hydrochloric or nitric acid) has the property of dissolving 
the common phosphates which are insoluble in neutral or slightly 
alkaline alcohol and of separating them from phytates, which are 
insoluble in this reagent. Most proteins, nucleic acid from yeast, 
and carbohydrates appear for the most part to be insoluble. 
Taking these facts into consideration, a direct acid alcohol ex- 
traction is proposed. Such an extraction would insure solution 
of inorganic phosphates, which could be filtered from the un- 
dissolved organic phosphorus compounds in the residue. 

For the investigation of this improved method, three plant 
substances were selected. 

1. Soy beans, on account of their high percentage of soluble pro- 
tein and also because dilute acid-water extracts of the ground beans, 
as well as the precipitated extracts, are extremely difficult to filter. 

2. Rice polish, on account of its rather high content of phytin. 

3. Corn germ meal, on account of its content of nucleic acid 
phosphorus. 

The improved method of procedure, in detail, is as follows: 


A 10 gram sample of the substance, very finely ground, is placed in a 
400 cc. flask and covered with exactly 300 cc. of 94 to 96 per cent phosphorus- 
free alcohol, which contains 0.2 per cent of hydrochloric acid (calculated 
from the per cent HCl in the concentrated acid). The flask is shaken at 
intervals of five minutes for three hours. The extract so obtained is then 
filtered through dry, double 11 em. filters into dry flasks. No suction is 
necessary. An aliquot of 250 cc. of this filtrate is placed in a 400 cc. beaker 
and made just alkaline to litmus paper with ammonia. A slight excess of 
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ammonia does no harm. The solutions are allowed to stand from eight to 
twelve hours or over night and then filtered through double 11 cm. filters, 
care being taken to decant the clear liquid as far as possible. The precipi- 
tate is then transferred to the filter and washed with 94 to 96 per cent alcohol 
which has been made just ammoniacal. In transferring the precipitate 
some of the material may stick very tenaciously to the beaker. In this 
case, after cleaning the beaker fairly well, add five drops of hydrochloric 
acid to the beaker, rub out the latter with a rubber tipped rod, add 10 cc. 
of alcohol and then make just alkaline with ammonia and transfer this last 
portion to the filter. In this way the last traces of the precipitate can be 
easily removed. After washing several times, the inner filter with the pre- 
cipitate is spread out and allowed todry completely. It is then transferred 
to an Erlenmeyer flask containing exactly 100 cc. of 0.5 per cent nitric acid 
in water (calculated from the per cent HNO; in the concentrated acid). 
The flask is stoppered and the contents thoroughly shaken until the paper 
and precipitate are broken up. It is best to let it stand for some hours. 
The material in the flask is then filtered through dry, double 11 cm. filters 
into dry beakers and exactly 75 ec. of the filtrate precipitated with 50 cc. 
of official acid molybdate solution in the usual way; 10 grams of ammonium 
nitrate and two hours digestion at 60°C. are usually sufficient. The final 
result represents the amount of inorganic phosphorus in 6.25 grams of the 
original sample. 

It is advisable to reprecipitate the pyrophosphate, if the final solutions 
are highly colored, which is sometimes the case with some of the rough 
feeds, asthe hays. In the case of such substances, which are relatively high 
in inorganic phosphorus, a smaller sample may be taken, 3 to 6 grams. 
In using this method with substances which are tenacious and gummy, 
and which do not break up readily in acid alcohol, as is true of dried fruits 
and other substances containing considerable sugar, the same may be worked 
up with sand and a definite quantity of water; 15 to 20 cc. are usually sufficient. 
This may be done in amortar and the material washed out into the flask 
with acid alcohol, care being taken to use the correct volume, namely 300 
ec. minus the quantity of water used. 

This method deflocculates substances the most refractive in this regard. 


Three sets of determinations, were made by this method on soy 
beans, rice polish and corn germ. In each case determinations 
were made with and without the addition of a known amount of 
pure phosphate, in an endeavor to recover the latter completely. 

The first two sets of results were slightly low, due to insufficient 
time given for precipitation, since the filtered extracts were made 
ammoniacal and filtered immediately. Following the detailed 
method as stated, allowing the extracts to stand after precipitation 
the specified twelve hours, excellent results were obtained as shown 
by the following table: 
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TABLE 3. 
Recovery of added phosphorus by improved method. 


: WITH 
Tone nal PHOSPHATE 
0.0027 GRAM P. 


THEORETICAL 


RESULTS INORGANIC P. 


SUBSTANCE 


gram gram gram per cent 


Soy beans 0.0015 0.0053 0.0052 0.024 
Rice polish 0.0012 0.0048 0.0048 0.019 
Corn germ............. 0.0018 0.0053 0.0054 0.029 


The figures are grams of phosphorus (element) and are averages 
of three determinations. The first column of figures represents 
the quantity of inorganic phosphorus found in the material itself. 
Column two represents the amount found after the addition of 
pure phosphate in known quantity, and column three, the results 
which should have been obtained after adding pure phosphate, 
assuming that the figures in column one are the correct ones for 
inorganic phosphorus. For example, the inorganic phosphorus 
in 6.25 grams of soy beans amounted to 0.0015 gram of phosphorus. 
To every 6.25 grams of sample was added pure sodium phosphate 
equivalent to 0.0037 gram of phosphorus. Thus if the added phos- 


TABLE 4. 
Inorganic phosphorus by improved method with and without pure phosphate. 


SUBSTANCE 


WITHOUT 
PHOSPHATE 
WITH 
PHOSPHATE 
0.0037 GRAMP. 
WITH 
PHOSPHATE 
REPRECIPI- 
TATED 
THEORETICAL 
RESULTS 
INORGANIC F 


per cent 
Gis ctnk rou 5c Shale 0.023 
Citak 5.00 ae.. ; 0.027 
ESS ee ae renee 0.025 
pe re 0.012 
Sf tg es ae 0.034 
ss knoe snus 00% 0.040 
Clover hay 0.070 
Timothy hay 0.047 
Oats, grain ’ 0.041 
Cottonseed meal.......... ; 0.023 
Rice polish 001: 0.019 


I 6s hts 5 ac0ecuiws 0.029 
| 0.024 


= 3 
S§ 
ws 
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phorus was completely recovered, the result should have been 0.0015 
+0.0037 = 0.0052 gram of phosphorus for the theoretical. 

These results check with the theoretical as closely as could be 
desired, indicating complete recovery of the phosphate. 

In table 4 are given similar results on a more extended scale. 
The pyrophosphate was reprecipitated, the results being given in 
column three. 

The figures represent grams of phosphorus (element). Here 
again the results agree well with the theoretical in every case. The 
extracts of substances which, by the original method filter with 
great difficulty, by the improved method filter with great ease, 
as well as the solutions after precipitating by neutralization. 

In order to make the comparison complete a similar series of 
determinations was made by the original method, on the same 
substances, with and without phosphate added. 




















TABLE 5. 
Results by original method. Comparison of original and improved methods. 


























a INORGANIC P. 
x 22 = 
P pr i oo 
SUBSTANCE E ; oo 3 : 33 + 
FEF 6©fBSORE as aS 
z z & -) = 
gram gram gram per cent per cent 
Cow peas.................. 0.0013 0.0068 0.0094 0.020 0.023 
a ool ae a : . ¥ ° 0.027 
Corn meal................' 0.0014 0.0092 0.0095 | 0.922 0.025 
Wee, Sess. ek 0.0006 0.0074 0.0087 0.009 0.012 
We PON oo eds. 5 cas 0.0037 0.0098 0.0118 0.059 0.034 
Wheat, germ............... 0.0022 0.0090 0.0103 0.035 0.040 
CO nk vn eays | 0.0037 0.0088 0.0118 0.059 | 0.070 
Timothy hay.:........... | 0.0026 0.0105 0.0107 0.042 0.047 
hae shone sieves 0.0034 0.0110 0.0115 0.055 0.041 
Cottonseed meal........... 0.0048 0.0124 0.0129 0.076 0.023 
WOM kos Sa oo i Bae | 0.0016 0.0087 | 0.0097. 0.025 0.019 
Corn germ................. 0.0018 0.0097 0.0099 | 0.029 | 0.029 
ie as 0.0010 0.00382 0.0047 0.015 0.024 






*Unfilterable. — 









The results in the first three columns are expressed in grams of 
phosphorus (element). The inorganic phosphorus was recovered 
in five cases, namely, corn meal, timothy hay, oats, cottonseed 
meal and corn germ. It is interesting in this connection that all 
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five are substances which do not give a large quantity of organic 
material on extraction. On the other hand, cow peas, wheat, 
wheat bran, wheat germ, clover hay, rice polish and soy beans are 
all plant substances which yield a large quantity of soluble organic 
matter on extraction, which has evidently had its effect in prevent- 
ing complete precipitation, since the phosphate added was not 
entirely recovered in these substances. ; 

Hydrolysis has possibly been a factor contributing to the varia- 
tions in the results by the two methods, especially in the case 
of cottonseed meal and wheat bran. The higher results in these 
twosubstances may indicate the splitting off of inorganic phosphorus 
from organic compounds. This factor could have considerable 
bearing on results by the original method in which extraction and 
precipitation are made in a water solution. On the other hand, in 
the improved method this factor would not have special significance, 
since extraction and filtration are made in alcohol, and the presence 
of strong alcohol, practically throughout the process, tends to 
prevent enzyme action and bacterial decomposition. 

As a factor in causing low results may be mentioned the property 
of some organic bodies to combine with inorganic salts in water 
solution and also the property of such bodies of inhibiting the pre- 
cipitation of phosphorus, either chemically or mechanically. Phy- 
tin, proteins and carbohydrates seem to have these properties, 
some in a marked degree. 

The chief considerations which recommend the improved acid- 
alcohol method may be stated as follows: 

1. Alcohol extraction prevents enzyme and bacterial decompo- 
sition of organic phosphorus compounds. 

2. Most organic phosphorus compounds seem to be practically 
insoluble in the solvent. 

3. Filtration of the extracts of even the most difficultly filter- 
able materials is very rapid. 

4. Recovery of the alcohél used is possible. 

5. A considerable saving of time over the old method is secured. 

6. Results on all the substances examined seem to be constant 
and, in all cases, added inorganic phosphorus was completely 
recovered. 

The author wishes to express thanks to Dr. E. B. Forbes for his 
courtesy in making this investigation possible. 
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In the course of studies of certain phases of metabolism during 
diabetes, it was observed that the determination of creatine by 
the Benedict-Myers modification of the Folin method yields results 
much too high. In the presence of sugar, heating in the auto- 
clave with normal hydrochloric acid oxidizes the sugar with the 
production of dark brown compounds which seriously interfere 
with the accuracy of the method. These substances not only 
change the character of the color, giving it a brownish tint difficult 
to match with the bichromate solution, but they also greatly 
increase the color intensity, i.e., the sugar decomposition products 
themselves give the creatinine reaction. When pure solutions 
of dextrose are heated in the autoclave with equal volumes of 
normal hydrochloric acid, and the resulting mixtures treated with 
picric acid and alkali, intensely red solutions result. Moreover, 
the brown sediment which separates during the autoclave heating 
of sugar-containing urines gives the Jaffé creatinine test when 
filtered off, washed, and treated with picric acid and alkali. 

A single series of determinations on a normal human urine to 
which increasing quantities of dextrose were added, will suffice 
to indicate the magnitude of the analytical errors. In this table, 
as in all succeeding ones, the quantities of creatinine are calculated 
from the averages of six to ten readings. 

It is obvious that determinations by this method in the presence 
of sugar give readings decidedly too low (corresponding to too 
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TABLE I. 


The influence of dextrose on the estimation of creatine by the HCl-autoclave 
method. 


SUGAR ADDED PER : | 
NUMBER 10 cc. URINE READINGS TOTAL CREATININE 


gram ; mgm. 
0.0 | 8.02 
0.1 10.12 
0.2 . 12.45 
0.4 13.27 
0.7 . 13.05 


much total creatinine). Frequently the creatine findings are 
10 to 50 per cent too large and, when considerable sugar and rela- 
tively small amounts of total creatinine are present, the creatine 
values may even be 100 per cent too large. In fact it is surprising 
that the errors resulting from creatine estimations in diabetic 
urines have not been emphasized to a greater extent. Dreibholz' 
called attention to the difficulty in matching colors after heating 
with hydrochloric acid, but apparently overlooked the fact that 
the decomposition products of sugar give the Jaffé reaction. 

To overcome the errors incident to the estimation, Dreibholz 
attempted to remove the sugar from the urines by fermentation, 
but reported that the creatine-creatinine figures were then far 
too low, presumably owing to the destruction of creatine and cre- 
atinine by enzymes (creatase and creatinase) present in the yeast. 
So far as the writer is aware, these experiments have never been 
verified; but even though creatase and creatinase were absent 
from yeast, fermentation would not be a desirable method of 
overcoming the difficulties in creatine estimation. The possi- 
bility of bacterial decomposition of creatine and creatinine in 
the fermenting urines, and the necessary delay of twenty-four 
hours in obtaining the analytical results, would render the pro- 
cedure unsatisfactory. 

In order to overcome the errors in the method, numerous at- 
tempts have been made to remove the interfering substances by 
decolorization with lead salts, colloidal iron hydroxide, etc., but 


1 Dreibholz: Inaug. Diss. Greifswald, 1908. 
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all attempts have been unsuccessful, because of a loss of creatinine 
in the process.2 The only procedure that promised success was 
to obtain an acid which would quantitatively convert creatine 
into its anhydride and still would not caramelize sugar during 
the autoclave heating. After experiments with several weak 
acids, a satisfactory one was found in phosphoric acid. Heating 
in the autoclave with dilute solutions of phosphoric acid produces 
no perceptible oxidation of dextrose, even when the latter is present 
in relatively large concentrations (8 to 10 per cent). The sugar 
solutions are water-clear when removed from the autoclave. More- 
over, creatine in all concentrations that occur in urines under 
physiological and pathological conditions, is quantitatively con- 
verted into creatinine by heating with twice the volume of 3 per 
cent phosphoric acid, for a period of thirty minutes at a tempera- 
ture of 117° to 120°C. 

Phosphoric acid has an additional advantage over hydrochloric 
acid in that it produces much less oxidation of the urinary pigments. 
The darkening of the color of urine by heating with hydrochloric 
acid, and the possibility of analytical errors resulting therefrom, 
has been alluded to by several investigators.* Benedict‘ has 
recently emphasized the possibility of errors that may ensue from 
pigment oxidation. He found that the precipitate which sepa- 
rates during the heating of normal urine with hydrochloric acid, 
gives the creatinine reaction; and to overcome this consequence he 
suggests the addition of granulated lead to the urine-hydrochloric 
acid mixture and evaporation to dryness over the free flame. 
The creatine is quantitatively converted into creatinine during 
the evaporation and the small amount of hydrogen liberated from 
the acid by the lead prevents pigment oxidation. It has been 
the writer’s experience that while this method gives beautiful 
results in sugar-free urines, the amount of hydrogen liberated is 
not sufficient to prevent sugar oxidation in diabetic urines. In 
fact, if the urine contains sugar, direct evaporation over the free 
flame produces much more coloration than does the autoclave 
method of Benedict and Myers. 


2 Dreibholz: loc. cit. 
> Weber: Arch. exp. Path. u. Pharm., \viii, p. 93, 1907; Dorner: Zettschr. 
f. physiol. Chem., lii, p. 227, 1907. 

* Benedict: Proceedings Amer. Soc. Biol. Chem., Baltimore, Dec., 1911. 
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The phosphoric acid method is now used by the writer in all 
human urines, either normal or diabetic, and has been found to 
give very satisfactory results. The procedure is as follows: To 
10 cc. of urine are added 20 cc. of 3 per cent phosphoric acid, and 
the mixture is heated for thirty minutes in the autoclave at a tem- 
perature of 117°to 120°C. The solution is then cooled, neutralized, 
treated with sodium hydroxide and picric acid as in the Folin 
procedure, and allowed to stand for five minutes. At the expir- 
ation of this time, it is diluted to a volume sufficient to make the 
readings in the colorimeter lie within the range of 7 and 12 mm. 
In the presence of sugar it is advisable to let the colored solution 
stand for three’or four minutes after dilution before making the 
readings. Dextrose itself tends to give a faint creatinine reaction 
after standing five to ten minutes with the picric acid and alkali. 
Fortunately, however, this color rapidly fades on dilution, and 
entirely disappears within three or four minutes. This delay 
causes no change in the intensity of the color due to creatinine. 
It is necessary to avoid heating above 120°C. and the use of acid 
stronger than 3 per cent. At higher temperatures and with acid 
of greater concentration, creatinine is partially destroyed. 

The above modification has been used in several hundred crea- 
tine estimations on human and rabbits’ urines. Its accuracy 
has been thoroughly tested with diabetic and normal urines, with 
and without the addition of sugar, with and without the addition 
of creatine and creatinine; and in pure solutions of creatine 
and creatinine with and without the addition of sugar. With 
widely varying amounts of creatine and creatinine, and in the 
presence of dextrose in concentrations up to 8 per cent, it 
gives results as near theoretical as can be expected for a col- 
orimetric method in which exactness necessarily depends in part 
upon the accuracy of the eye. Typical series of determinations 
on normal and diabetic urines are shown in Tables II to V. The 
readings tabulated are for 10 cc. amounts of urine diluted to vol- 
umes of 500 cc. When the readings came below 7 or above 12 
mm., the greater dilutions were used, or estimations were re- 
peated with more urine. The corresponding readings for the arbi- 
trary conditions of 10 cc. diluted to 500 cc. were then calculated. 

For reasons as yet undetermined, the phosphoric acid modi- 
fication does not give satisfactory results with dog’s urine. Fre- 
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TABLE II. 







Normal human urine. 






FOR 10 cc. URINE 


NUMBER DETERMINATION 






Readings Creatinine 














mm. mgm. = 
Sf Pe III, gos cen os ca eeccidwietias 13.6 5.96 
2 Total creatinine by HCl-autoclave method. . 13.2 6.14 
3 | Total creatinine by H;PO,-autoclave method. 13.4 6.04 
4 | Same as 3 + 0.6 gm. dextrose per 10 cc........ 13.2 6.14 





In 100 cc. of the same urine were dissolved 
34.5 mgm. of creatine, corresponding to 3 mgm. 
| of creatinine per 10 cc. of urine. 


| Total creatinine by HCl-autoclave method. . 9.0 9.00 
| Total creatinine by H;PO,-autoclave method 8.9 9.10 
Same as 6 + 0.6 gm. dextrose per 10 cc... .... 9 








IS oH 











In a second portion of the original urine were 
dissolved 116 mgm. of creatine per 100 cc., 
corresponding to 10 mgm. of creatinine per 10 
| CC. 





















8 | Total creatinine by HCl-autoclave method... 5.0 16.19 
9 | Total creatinine by H;PO,-autoclave method. 4.9 16.52 
10 | Same as 9 + 0.6 gram dextrose per 10 cc.. ... 5:0 16.19 
11 | Same as 9 + 0.8 gram dextrose per 10 cc.. .... 5.0 16.19 








quently the result for the total creatinine is considerably lower 
than for the preformed. Canine urine, as is well known, contains 
several products not present in the urine of man or of rabbits. 
It is possible that the presence of kynurenic acid or of ethyl sul- 
phide may be the disturbing factor, though it is difficult to under- 
stand why similar results are not obtained with hydrochloric acid. 
The matter is now under investigation, and it is hoped that in 
the near future the difficulties in obtaining accurate results in 
the urine of dogs may be overcome. 

Krause’ has recently reported that the presence of acetoacetic 
acid causes a significant increase in the intensity of the color pro- 
duced by picric acid and sodium hydroxide, thereby leading to 
results too high for the preformed creatinine. In consequence 















*> Krause: Quart. Journ. of. exp. Physiol., iii, p. 298, 1910. 
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TABLE III. 
Normal human urine. 


FOR 10 CC. URINE 
NUMBER DETERMINATION 
Readings Creatinine 


mm. mgm. 


Preformed creatinine......... eee 7.6 10.65 
Total creatinine by HCl-autoclave method... 6. 12.45 
Total creatinine by H;PO,-autoclave method. 6 12.27 
Same as 3 + 0.4 gram dextrose per 10 cc. < 6.5 12.45 
Same as 3 + 0.8 gram dextrose per 10 cc. 6.6 12.27 


Creatine added to urine—3.48 mgm. per 10 
cc., corresponding to 3 mgm. creatinine. 
Total creatinine by HCl-autoclave method .. 
Total creatinine by H;PO,-autoclave method 
Same as 7 + 0.6 gram dextrose per 10 cc. 


or or or 


Creatine added to original urine—11.6 mgm. 
per 10 cc., corresponding to 10 mgm. creat- 
inine. 

Total creatinine by HCl-autoclave method 
Total creatinine by H;PO,-autoclave method. 
Same as 10 + 0.6 gram dextrose per 10 cc. 


of this, the creatine values are, according to him, correspondingly 
too low. He further states that the presence of acetone has no 
influence on the creatine-creatinine estimations, owing to the 
rapidity with which the color produced by acetone fades. 

To test the influence of acetoacetic acid and acetone, a series 
of experiments were performed in which varying amounts of these 
substances were added to normal urine, and the creatinine sub- 
sequently estimated. Acetoacetic acid, in quantities not exceed- 
ing 0.25 gram per 100 ec. of urine, produced no alteration in 
the readings, provided the tests were allowed to stand three or 
four minutes after dilution before making the readings. During 
this time the color due to the acetoacetic acid entirely fades. The 
result in one such test was as follows: To 100 cc. of normal urine, 
which contained 9.42 mgms. of preformed creatinine per 10 cc., 
was added the amount of ethyl acetoacetic ester equivalent to 
0.25 gram of free acid. Creatinine was then estimated, three 
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TABLE IV. 
Mild diabetes—0.8 per cent dextrose. 





FOR 10 cc. URINE 







NUMBER DETERMINATION . 

Readings | Creatinine 

mm. mgm. 

lL | Beebermeed eeeatinind:...............4.,.... 8.4 9.64 
2 | Total creatinine by HCl-autoclave method . 7.9 10. 25* 

3 Total creatinine by H;PO,-autoclave method. 8.4 9 64 

Creatine added to urine—4.64 mgm. per 10 
cc., corresponding to 4 mgm. creatinine. 

4 Total creatinine by HCl-autoclave method . 5.6 14. 46* 

5 | Total creatinine by H;PO,-autoclave method. 5.9 13.72 







Creatine added to urine—11.6 mgm. per 10 
cc., corresponding to 10 mgm. creatinine. 





6 Total creatine by HCl-autoclave method. . 4.1 19.75 
7 | Total creatinine by H;PO,-autoclave method 4.: 19.28 


to 






* Note higher results with the HCl method in the presence of dextrose. 






TABLE V. 






Severe diabetes—2 per cent dextrose, carbohydrate-free diet. 





FOR 10 cc. URINE 






NUMBER DETERMINATION — 
Readings Creatinine 

mm. mgm. 

1 | Preformed creatinine... ......... nate a 13.4 6.04 
2 | Total creatinine by HCl-autoclave method .. 9.6 8.44* 

3 | Total creatinine by H;PO,-autoclave method 11.2 7.23 











Creatine added to urine—3 .48 mgm. per 10cc., 
corresponding to 3 mgm. creatinine. 






~ 
— 


4 Total creatinine by HCl-autoclave method 11.40* 
Total creatinine by H;PO,-autoclave method 8.0 10.12 
Same as 5 + 0.5 gm. dextrose per 10 cc... .. . .| 






on 












Creatine added to original urine—11.6 mgm. 
per 10 cc., corresponding to 10.0 mgm. of 
creatinine. | 











7 Total creatinine by HCl-autoclave method . || 4 8.40 
8 Total creatinine by H;PO,-autoclave method. 4.7 17.22 
9 Same as 8 + 0.5 gram dextrose per 10 cc... || 4.7 17.22 






* Note the effect of dextrose on the estimations by the HC! method. 
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minutes being allowed for fading. The readings showed the 
presence of 9.31 mgms. of creatine per 10 cé¢. Manifestly, 
such differences are well within the limits of accuracy of the 
method. In larger concentrations acetoacetic acid tends to in- 
crease the creatinine values. It is rare, however, that a specimen 
of diabetic urine is obtained which contains more than 0.25 per 
cent of acetoacetic acid. ; 

Acetone in all concentrations is without influence on the cre- 
atinine readings. 

It is evident, therefore, that by the use of phosphoric acid in- 
stead of hydrochloric acid, and by allowing the diluted solutions 
to stand for a few minutes before making the readings, just as 
accurate estimations of creatine and creatinine may be made in 
diabetic as in normal urines. 
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Proteins (or their constituent amino-acids?) and carbohydrates 
in some physiologically available form are indispensable compon- 
ents of the diet. If either of them are entirely eliminated from the 
food intake nutrition sooner or later becomes notably defective, 
however liberal the energy values of the remaining nutriment may 
be. The ketonuria and acidosis which appear along with other 
phenomena when carbohydrate utilization completely fails are 
familiar; and the need of protein-nitrogen is one of the fundamen- 
tal postulates of physiology. 

With respect to the actual requirement of fat on the part of the 
healthy organism there is at present almost no definite information 
available. Fats are, of course, commonly found present in greater 
or lesser abundance in every dietary; but to what extent they rep- 
resent an indispensable need of the animal remains to be learned. 
The reason why this apparently fundamental question in nutrition 
has not been answered before is presumably attributable to the 
experimental difficulties inherent in its solution. Fats or fat-like 
substances are present to some extent in the majority of the famil- 
iar food materials, from which they can be completely removed only 
with the expenditure of considerable effort and care; and the at- 



















' The expenses of this investigation were shared by the Connecticut Agri- 
cultural Experiment Station and the Carnegie Institution of Washington, 
D.C, 

* Cf. Abderhalden, E.: Zeitschr. f. physiol. Chem., |xxvii, p.22, 1912. 
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tempts to maintain animals on artificially prepared mixtures of 
isolated food substances have, until lately, met with little success.* 
Associated with this problem is the possible significance of that 
hereterogeneous group of substances, resembling the fats in certain 
physical properties, found with them in nature, and currently des- 
ignated as “‘lipoids.”’ As representatives of this category the phos- 
phatides, and cholesterols, like the inorganic salts, are found present 
in some quantity in every active cell. This fact of itself strongly 
suggests for them some preéminent biochemical importance; but 
it by no means involves the necessity of their being furnished as 
such to the organism. It is easily conceivable that the so- 
called lipoids can be synthesized de novo by the animal tissues as 
they unquestionably are by plant cells. The fact that the food sup- 
ply of growing organisms, viz., milk or egg components, furnishes 
phosphatides and cholesterol preformed speaks only by indirect 
suggestion regarding the absolute need of these compounds in the 
diet. Finally, the fact that in tissues, the “lipoids”’ are so closely 
associated with the true fats, 7.e., glycerides of fatty acids, by no 
means proves that the biological importance of the two groups is 
comparable or their significance as dietary constitutents the same. 
The question of the réle of fats as indispensable factors in the diet 
has been approached by Stepp.® In attempting to ascertain 
whether animals are dependent upon their food supply for lipoids 
or can furnish them by synthesis like plants, he fed materials ex- 
tracted with ether and alcohol to mice and observed the effect on the 
nutritive equilibrium of the animals. Obviously this method of 
preparing the food eliminated true fats from the diet at the same 
time. Stepp’s observations and conclusions deserve to be care- 
fully examined in connection with the problem at hand. He noted 
that without exception his mice succumbed in a few weeks when 
offered otherwise adequate food mixtures that had been thoroughly 
extracted. The deduction is made that the nutritive failure is due 


3 A discussion of earlier attempts in this direction will be found in our 
monograph: Feeding Experiments with Isolated Food-Substances, Carnegie 
Institution of Washington, Publication 156, Parts I and IT, 1911. 

4 For a general description of the so-called lipoids, their occurrence and 
possible biochemical significance, see Bang: Ergeb. d. Physiol., vi, p. 131, 1907; 
viii,p. 463, 1909. ; 

5 Stepp: Biochem. Zeitschr., xxii, p. 452, 1909; Verhandl. Kongresses f. inn. 
Med., xxviii, p. 324, 1911; Zettschr. f. Biol., lvii, p. 135, 1911. 
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to the lack of certain “‘lipoid’’ substances, because the addition of 
alcohol-ether extracts of materials known to be rich in this type of 
compound sufficed to keep the animals alive. The lacking sub- 
stance is assumed not to be inorganic, since the addition of the ash 
of the lipoid extracts made from the food material failed to main- 
tain the mice. Furthermore—and this calls for emphasis here— 
the sustaining component is asserted not to be ordinary fat inas- 
much as the addition of so typical a fat as butter failed to replace 
the missing life-sustaining factor. The latter was found to be ex- 
tractable from skimmed milk rather than from the cream fraction. 
Quoting Stepp: 















The life-sustaining alcohol-ether-soluble food components, in the absence 
of which mice regularly succumb, are not fats. This is shown, aside from the 
experiments in which butter was fed, by the following experiment: On a diet 
of extracted foods to which tripalmitin, tristearin and triolein are added, all 
the animals die precisely as on the extracted food alone. That lecithin 
(Merck) and cholesterol do not represent the sole lipoids essential to life is 
shown by the experiment of adding them to the extracted food: all of the 
animals died .*® 











It is rather difficult to believe that skimmed milk, at best very 
deficient in ether-alcohol soluble components, should contain an 
eminently important lipoid in any adequate amount while other 
materials, like butter, which must contain some compounds of this 
type are inadequate. However, certain of these lipoids are doubt- 
less highly sensitive to chemical change; so that it is conceivable 
that they lose their physiological potency through chemical manip- 
ulation. Furthermore the recent experiences with beri-beri and 
other forms of peripheral neuritis have emphasized how small 
may be the actual amountof a specific substance which determines 
proper physiological functioning.’ 

Stepp’s experiments on mice by no means solve the question 
which we have raised at the outset with regard to the necessity of 
fats in the diet. They furnish no evidence that the “lipoid’ ’mix- 
tures which he employed to maintain or resuscitate his animals 
were actually free from true fats, though the quantities in some cases 
(such as the experiments with extract of skimmed milk) must at 



















6 Stepp: Zeitschr. f. Biol., lvii, p. 170, 1911. 
7 Cf. Funk: Journ. of Physiol.}xliii, p. 395, 1911. 
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best have been exceedingly small. Other occasional experiments 
in the literature’ are of too brief duration to settle the point. 
Employing the methods which were adopted in our earlier feeding 
experiments with isolated food substances® we have succeeded in 
inducing a normal rate of growth in white rats with dietaries devoid 
of fat throughout almost the entire period during which growth 
ordinarily continues.!° Thefoods were prepared by mixing carefully 
isolated and purified proteins with starch, sugar and “ protein-free 
milk,’’!' the latter hawing first been thoroughly extracted with 
ether. The starch was stirred with water, heated until the grains 
were ruptured and then the other ingredients thoroughly mixed 
with the starch paste, and afterwards dried in a current of hot air 
until thin cakes of desiccated food were obtained. These were then 
fed, along with the water, to the rats kept in the metabolism cages 
devised for these studies.!2 Although the foods may certainly be 
designated as fat-free, it is perhaps not permissible to speak of them 
as lipoid-free; for according to the current definition, the so-called 
“‘lipoids”’ include substances soluble in hot aleohol which may not 
dissolve in ether. None of our isolated food materials were sub- 
jected to extraction with hot alcohol. Undoubtedly such treat- 
ment would remove other substances as well as lipoids from such 
a mixture as the “protein-free milk.’’ This fact deserves to be 
emphasized, as does the necessity of conducting ether extractions 
under appropriate conditions. When, for example, a specimen of 
air-dry “protein-free milk” was extracted with ordinary ether it 


8 Cf. Lummert: Pfliiger’s Archiv, lxxi, p. 176, 1898. 

® Cf. Osborne, T. B., and L. B. Mendel: Feeding Experiments with Isolated 
Food-Substances, Carnegie Institution of Washington, Publication 156, Parts 
Iand II, 1911. 

10 Tn these, as in all our other experiments in which very young animals 
exhibited a normal rate of growth on mixtures of isolated food-substances, 
we have not yet succeeded in bringing the animals to their maximum normal 
size on the dietaries employed. This failure to attain complete growth in- 
volves some factor in nutrition other than the fat and is at present under 
investigation. 

11 For the character of this product cf. Osborne, T. B., and L. B. Mendel: 
Feeding Experiments with Isolated Food-Substances, Carnegie Institution of 
Washington, Publication 156, Parts I and II, 1911; and Science, xxxiv, p. 722, 
1911. . 

12 Cf. Osborne, T. B., and L. B. Mendel: Zeitschr. f. biolog. Technik und 
Methodik, 1912. 
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yielded over 2 per cent of extract; but the same product carefully 
dried in hydrogen and extracted with anhydrous ether yielded only 
0.13 per cent of ether extract, which was not increased when an 
alkali solution of the substance was shaken out with benzine and 
ether according to the method commonly applied to milk pow- 
ders. Actual extraction of the foods used by us yielded not more 
than an insignificant trace of ether extract. 


Cuart 3. Rat 533, 9 ; Cuart 4, Rat 661,o°. The food during the casein- 
fat-free period had the following percentage composition: 


Illustrative charts of our feeding trials are introduced here. The 
ordinates of the curves represent body-weight (solid line) or food 


18 The successful use of this purely artificial product consisting of Ca, 1.97; 
Mg, 0.23; Na, 2.03; K, 2.66; PO,, 3.33; Cl, 4.13; SO,, 0.30; Fe, 0.04; Citric acid, 
3.33; Lactose, 82.0 per cent, has been described by Osborne and Mendel; 
Proc. Soc. of Exp. Biol. and Med., ix, p. 73,1912. The relatively early fail- 
ure to continue to grow, shown by chart 3, was caused by diseased lungs 
which terminated the life of Rat 533. 
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intake (dotted line) in grams; the abscissae represent days. The 
average (normal) curve of growth, plotted from body-weight data 
available for normally growing animals of the same sex, is repre- 
sented by a broken line-for comparison. In period 1 of all curves 
the rats were fed on ordinary mixed diet or by the mother. 


° 20 40 60 80 400-— 120 140 
Days 
Cuart 5, Rat 529,%°. The fat-free diet had the following percentage com- 
position: 
Period 2 Period 3 
aa i a ae Ea ied 22.0 0.0 
22.0 


20.0 


; 28.5 
te ES TEN 66S as Sa ae ei cok 29.5 29.5 


100.0 100.0 


In so far as one can judge by appearance and body weight these 
experiments with fat-free diets show growth quite as successful as 
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that attained with natural or artificial mixtures of all the types of 
food stuffs. Although we cannot claim a complete freedom from 
‘‘lipoids”’ for the foods prepared as described above, it is scarcely 
likely that products so carefully 
isolated can include any signifi- 
cant quantities of cerebrosides or 
phosphatides. This is peculiarly 
true of experiment 6 in which the 
sole possibilities of contamination 
are associated with the recrystal- 
lized phosphorus-free protein 

edestin and refined starch. 
McCollum" has demonstrated 
that the phosphorus needed by an 
animal for phosphatide forma- 
tion can be drawn from inorganic 
phosphates, and that phospha- 
tides can be synthesized anew in 
the animal body. Réhmann ™ 
1 asserts the possibility of lecithin 
: ee crore ae synthesis in mice which were 
Cuart 6, Rat 640,c7._ The fat- maintained into the second gen- 
free food had the following per- eration on lecithin-free food. Our 
centage composition : own experiments point in the 
same direction with regard to 
the lipoids in general; and they 
give positive evidence of the dis- 
pensableness of true fats for 

growth.'* 


100.0 


14 McCollum: Amer. Journ. of Physiol.,xxv, p. 120, 1909; McCollum and 
Halpin: This Journal, xi, 1912, Proc. Soc. Biol. Chem., p. xiii; also Fingerling: 
Biochem. Zeitschr., xxxviil, p. 438, 1912. 

16 Rdhmann: Biochemie, 1908, p. 109. 

16 In agreement with Stepp, we have not yet succeeded similarly in induc- 
ing adequate growth in mice with similar diets. Stepp, who used crude food 
substances, is, however, cautious in his statements. He says: ‘“‘Wenn nach 
den mitgeteilten Versuchen und den anschliessenden Erérterungen der Schluss 
sich aufdriingt, dass gewisse alkohol-dtherlésliche Substanzen fiir die Ernéh- 
rung von Méusen unentbehrlich sind, so méchte ich diesen Schluss nicht ohne 
eine Einschrinkung aufrechterhalten. Die Untersucher, die sich mit dem 
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The possibilities of the method of study introduced by us are 
manifest. The problems of the origin of fats in animals and their 
senesis from various carbohydrates or proteins are thus made ap- 
proachable by experiment.'’ We hope to return to these ques- 
tions later. 


Studium der Lipoide beschaftigten, haben, wie schon kurz erwahnt, an diesen 
Kérpen Eigenschaften gefunden, die man in der Chemie bisher kaum 
kannte. Die Lipoide haben eine ganz ausserordentliche Fahigkeit, auf die 
Léslichkeit anderer Stoffe einzuwirken und ihnen Léslichkeit in den spezi- 
fischen Lipoidlésungsmitteln zu verleihen, in denen die Stoffe sonst giinzlich 
unléslich sind. So wire es nicht undenkbar, dass gemeinschaftlich mit den 
Lipoiden irgendwelche unbekannte lebenswichtige Stoffe in Lésung gehen 
und dass so die Lipoide gewissermassen zu Trigern fiir diese Stoffe wiirden, 
dass mit anderen Worten bei der Entfernung von Lipoiden die unbekannten 
K6orper mit entfernt und bei Zusatz von Lipoiden mit diesen zugesetzt wer- 
den. Ein Hinweis auf eine derartige Méglichkeit erscheint notwendig, so- 
lange es nicht gelingt, die Versuche mit chemisch reinen Kérpern durchzu- 
fithren.”’ 

’Lummert (Pfliger’s Archiv, |xxi, p. 176,1898) has made attempts in the 
same direction. 
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It is rather remarkable that not one of the many possible isom- 
erides of the monoxy-trimethyl-purines has hitherto been described. 
If compounds of this type are produced by hydrolytic or enzy- 
motic action on nucleoproteins they might easily be overlooked, 
since a purine derivative containing three methyl groups and only 
one atom of oxygen would probably be very soluble in water 
and consequently would be very difficult to isolate. 2-Oxy-6,8,9- 
trimethylpurine, which is described in this communication, is 
rather soluble in water notwithstanding the fact that two of the 
three methyl groups are attached to carbon atoms. If two 
of the methyl groups were attached to nitrogen atoms in the purine . 
molecule the solubility would undoubtedly be increased to a high 
degree. 
When 2-oxy-4-methyl-5-amino-6-methyl-aminopyrimidine (I)? 
was heated with acetic anhydride the result was a quantitative 
yield of the corresponding monoacetyl-pyrimidine. When this 
compound was heated at 225° to 230°C. water was evolved and 





















2-oxy-6,8,9-trimethylpurine (II) was produced. This purine con- ty 
tained two molecules of water and gave a picrate that decomposed 
at 253°C. 





Only one of the thirteen isomerides of 2-oxy-dimethylpurine 
has been described, namely, 2-oxy-3,7-dimethylpurine (IV) which 
was synthesized by Tafel. This paper contains a description of 
two new 2-oxy-dimethylpurines which were obtained as follows: 

1 This Journal, xi, p. 393, 1912. 


2 Johns: This Journal, xi, p. 397, 1912. 
3 Julius Tafel: Ber. d. deutsch. chem. Geselisch., xxxii, p. 3201, 1899. 
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2-Oxy-6,9-dimethylpurine (III) was prepared by the action 
of 85 per cent formic acid on 2-oxy-4-methyl-5-amino-6-methy|- 
aminopyrimidine (I). The yield was almost quantitative. The 
picrate decomposed with effervescence at 224°C. 

When 2-oxy-5-amino-6-methylaminopyrimidine.(V)‘ was heated 
with acetic anhydride at 150° to 160°C., a 90 per cent yield of 2- 
oxy-8,9-dimethylpurine resulted. This purine was easily soluble 
in cold water. It formed a picrate that decomposed at 233°C. 

These researches will be continued. 


N==CNHCH3 


| 
OC CNHp2 ; oe 
| | | | e-on 


HN—C.-CHs3 HN—C—N -CH; 
I II 


| 
u 


N=C.CH; N=CH 
| a 
oc C—N OC C—N-CH; 


A. | 
HN—C—N:CHs; : 
III 


N==CNHCHs3 


OC CNHe 


HN—CH 
V VI 


EXPERIMENTAL PART. 


Acetyl-2-oxy-4-methyl-5 -amino-6- methyl -aminopyrimidine, 
CsH,»O.N;. Four grams of 2-oxy-4-methyl-5-amino-6-methyl- 
aminopyrimidine® were mixed with 40 ce: of acetic anhydride and 


4 Johns: This Journal, ix, p. 165, 1911. 
5 Johns: Loc. cit. 
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the mixture was evaporated to dryness on a steam bath. At first 
a bulky compound was formed but this gradually changed to a 
granular substance as the evaporation proceeded. At no time 
did complete solution take place. When the evaporation had 
become complete a little alcohol was added and the evaporation 
was repeated in order to remove the last traces of acetic anhydride. 
The residue was readily soluble in cold water or hot aleohol and from 
the latter solvent it crystallized out almost completely on cooling, 
forming a bulky mass of hair-like crystals. These began to shrink 
at about 250°C. and turned dark slowly above that temperature 
and finally decomposed rapidly at 290° to 300°C. The yield was 
almost quantitative. 

















Calculated for 
CsH2O2Na: Found: 


28.57 28.83 
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2-Oxy-6,8,9-trimethylpurine. 






N==C-CHs3 
oc C—N 
C-CHi 






HN—C—N -CHs3 









Four grams of acetyl-2-oxy-4-methyl-5-amino-6-methylamino- 
pyrimidine were pulverized and heated in an oil bath at 225° to 
230°C. until water ceased to escape. The resulting residue was 
dissolved in hot water and the solution was decolorized with blood 
coal. On cooling this solution, colorless, hair-like crystals were 
obtained. These crystals were easily soluble in hot and moder- | 
ately soluble in cold water. They were easily soluble in hot and 7" 
sparingly soluble in cold alcohol and almost insoluble in boiling | 
benzene. They decomposed at about 275°C. The yield was 

80 to 90 per cent of the calculated. The crystals obtained from 

the aqueous solution formed a. mat and were difficult to dry at 

room temperature and when dried for several days in a desiccator 

over sulphuric acid they still retained two molecules of water of 

crystallization. 
















I. 1.0787 gram of substance lost 0.1877 gram at 130°C. 
II. 1.8153 gram of substance lost 0.3211 gram at 130°C. 
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Calculated for 
CsHwO N:.2H20: Found: 
I II 


16.82 17.40 17.60 
0.2064 gram of anhydrous substance gave 0.4086 gram of CO. and 0.1045 


gram of H,0. 


Calculated for 
CsHwONsa: Found: 


53.93 53.99 
5.61 5.62 
31.46 31.45 


An aqueous solution of the purine did not give precipitates with 
barium chloride or platinic chloride. 

The picrate, CsHioON,s.CsH2(NO.)30H. This salt crystallized 
out slowly when a solution of picric acid was added to an aqueous 
solution of 2-oxy-6,8,9-trimethylpurine. The crystals were colum- 
nar in shape and were moderately soluble in hot and difficultly 
soluble in cold water. They began to darken at about 240°C. and 
effervesced violently at 253°C. 


° Caleulated for 
CsHwONs.CeHe(NOe)30H: Found: 


vis \nkdc ba charred sh cmokeeraie eater 24.17 


2-Oxy-6 ,9-dimethylpurine. 


N=-C. CHys 


oC C—N 


| | cH 


HN—C—N -CH; 


Two grams of 2-oxy-4-methyl-5-amino-6-methylaminopyrimi- 
dine were dissolved in 20 cc. of 85 per cent formic acid and the 
solution was evaporated to dryness on a steam bath. The residue 
was dissolved in dilute ammonia and the solution was decolorized 
with blood coal. After boiling off most of the ammonia, the solu- 
tion was acidified with acetic acid. On cooling, a bulky precip- 
itate composed of anhydrous, hair-like crystals was obtained. 
These dissolved in about 400 parts of boiling water and dissolved 
but slightly in cold water or boiling alcohol. They were not sol- 
uble in boiling benzene. They did not melt at 320°C. The yield 
was almost quantitative. An aqueous solution failed to give 
precipitates with barium chloride or platinic chloride. 
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0.2001 gram of substance gave 0.3785 gram of CO, and 0.0865 gram of H.O. 
Calculated for 







CrHsONg: Found: 
Ostawlidedl ich. RUGS. GG RR 51.22 51.58 
BE och US cSoWeck cbs s Mawes sad eR Se cabs 4.87 4.80 
& II. 
ae csi Vid Sas. Pd te Be Fs 34.14 34.08 34.19 










The picrate, C7HsON,y.CgH2(NO.);0H. This salt was prepared 
by adding a cold, saturated, aqueous solution of picric acid to a 
hot, saturated solution of 2-oxy-6,9-dimethylpurine. On cooling, 
the picrate deposited as long, slender prisms that decomposed with 
effervescence at 224°C. 











Calculated for 
CriHsON,.CeHo( NO2):0H: Found: 


AL ie Raper eee ee Seer ry ges ON 24.91 













2-Oxy-8 ,9-dimethylpurine. 
N=CH 





OC C—N 
1! X ‘ 

| | Los 

HN-—C—N -CHs3 












Four grams of pulverized 2-oxy-5-amino-6-methylaminopyri- 
midine® were heated with 25 cc. of acetic anhydride for one hour 
in an oil bath which was kept at 150° to 160°C. The resulting 
solution was evaporated to dryness on a steam bath and the res- 
idue was heated for an hour at 130° to 140°C. After dissolving in 
hot water and clarifying, on cooling rapidly a bulky mass of slender 
prisms was obtained. When the solution was cooled slowly the 
purine crystallized in beautiful, rather stout prisms. These were 
very soluble in hot and moderately soluble in cold water. They 
were difficultly soluble in hot alcohol and insoluble in boiling ben- 
zene. They did not melt at 320°C. The yield was 80 to 90 per cent 
of the calculated. A cold concentrated solution did not give a 
precipitate with barium chloride but gave a difficultly soluble 
precipitate with platinic chloride. The free base probably con- 
tained water of crystallization but this escaped slowly on drying 
















‘Johns: Loc. cit. 
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over sulphuric acid or by exposing the crystals to the air for a long 
time, hence, attempts to determine water gave discordant results. 
The specimen used for the following analyses was dried at 130° 
to 140°C. 


0.1656 gram of substance gave 0.3091 gram of CO; and 0.0709 gram of 


Calculated for 
Cr Na: Found: 


50.90 
4.75 


I i 


34.10 34.13 


The picrate, C7HsgON4.CgH2(NO2)30H. This compound precip- 
itated immediately as a bulky mass of needles on adding a solu- 
tion of picric acid to a cold, saturated solution of 2-oxy-8,9-di- 
methylpurine. When the picrate was recrystallized from water 
it formed small, stout blocks. These decomposed with effer- 


vescence at 233°C. 


Calculated for 
C7HsO Ni.CeH2( NO2)3;0H: Found: 


Pith vaildaakanddah iar weheaeenless ose eHe 24.93 24.70 








PHYTIN AND PYROPHOSPHORIC ACID ESTERS OF 
INOSITE. 
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In the last report! from this laboratory on the subject’of phytin, 
various salts of phytic acid were described, as well as the tetra- 
phosphoric acid ester of inosite. Since then the investigation has 
been continued in connection with another problem dealing with 
the form in which phytin exists in wheat bran, which is not yet 
finished, but as the present work is closely related to that reported 
earlier, it seems advisable to publish it at this time. 
In addition to the salts of phytic acid described before, the fol- 
lowing have been prepared: 
The calcium-magnesium-potassium phytate, CsH»,Oe7PsCa;Mg, : 
Ks, a white amorphous powder obtained by neutralizing a solution 
of caleium-magnesium phytate in dilute hydrochloric acid with 
potassium hydroxide. 
The penta-calcium phytate, CsH:,QO27PsCas, is obtained as a 
white powder on precipitating an aqueous solution of phytic acid 
with calcium acetate. 
The tetra-calcium phytate, CsH).Q27PsCa, + 12H20, is obtained 
as a White semicrystalline or fine granular powder when the above 
penta-calcium phytate in dilute hydrochloric acid solution is evap- 
orated in vacuum in the presence of calcium acetate. 
The penta-magnesium phytate, CsH:,Qe;7PsMg; + 24H20O, is 
obtained as a crystalline powder when an aqueous solution of 
phytic acid and excess of magnesium acetate is evaporated in 
vacuum. 






























1 This Journal, xi, p. 471, 1912, and Technical Bulletin 19 of the N. Y. 
Agricultural Experiment Station. 
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A copper salt, CgHi2027PsCug, corresponding to a hexa-cupric 
phytate is obtained when phytic acid is precipitated with copper 
acetate. 

The ‘octa-silver phytate, CsHig027PsAgs, is precipitated as a 
white amorphous powder by alcohol from an aqueous solution of 
phytic acid containing twelve equivalents of silver nitrate. 

The hepta-silver phytate, CsH;702;PsAg:, results when the dilute 
nitric acid solution of the above octa-silver phytate is precipitated 
with alcohol. 

Since various attempts to synthesize phytic acid or to prepare 
a hexa-phosphoric acid ester of inosite by acting on inosite with 
phosphoric acid lead only to the formation of the tetra-phosphoric 
acid ester of inosite,? it seemed of interest to determine what pro- 
ducts would be formed when acting on inosite with pyrophosphoric 
acid. If phytin were a complex pyrophosphoric acid compound 
of inosite as suggested by Starkenstein’ it appeared not impossible 
to synthesize it from these constituents. Such a synthesis would 
be of considerable theoretical and scientific value in connection 
with the chemistry of phytin and would also furnish an addi- 
tional proof of the presence of pyrophosphoric acid compounds 
in nature. 

Several futile efforts were made in this direction but it was found 
that the reactions tried lead only to pyrophosphoric acid esters of 
inosite. These esters are very easily formed but their purification 
is very difficult. 

When acting on dry inosite (1 molecule) with dry pyrophosphoric 
acid (3 molecules or sufficient to form phytic acid) at a temperature 
of 200°-220° C. a new and stable ester is formed. On analysis, 
results were obtained corresponding to a di-pyrophosphoric acid 
ester of inosite, a compound isomeric with the tetra-phosphoric 
acid ester described in a former paper. 

Attempts to isolate the reaction product by the method described 
for the tetra-phosphoric ester,‘ that is, by precipitating as a barium 
salt with alcohol in the presence of hydrochloric acid, failed at first 
because barium pyrophosphate is as insoluble in acidified dilute 
alcohol as is barium phytate, for instance, or as are the pyrophos- 


2 Anderson: loc. cit. 
3 Biochem. Zeitschr., xxx, p. 56. 
* Anderson: loc. cit. 
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phorie acid esters. Various other salts were tried with negative 
results; the pyrophosphate invariably was precipitated at the same 
time. 

As is well known, pyrophosphoric acid when boiled with dilute 
mineral acids is very easily transformed into orthophosphoric acid. 
The isolation of the new ester was made possible by taking advan- 
tage of this property. 

In the last paper’ it was reported that phytin, when dry and free 
from mineral acids, is stable; that drying at 115°C. caused no 
appreciable decomposition and that no inosite could be isolated 
from 100 grams of phytin after drying to constant weight at this 
temperature. 

Experience since then has shown that phytin may be boiled for 
hours in dilute hydrochloric or sulphuric acid without suffering 
marked decomposition. In fact it may be boiled for days with 30 
per cent sulphuric acid without a determinable quantity of inosite 
being formed. This seemed strange as various other investigators 
have emphasized the fact that phytin is very easily hydrolyzed and 
that even in water it suffers a more or less rapid decomposition. 

The action of nitric acid seems to cause a more rapid decomposi- 
tion for even the purest phytin when warmed in dilute nitric acid 
solution with ammonium molybdate gives very quickly the char- 
acteristic yellow precipitate of ammonium-phosphomolybdate. 
Several days, however, are required to cause complete decomposi- 
tion in dilute nitric acid solution at a temperature of 60°-70°C. 
Quantitative experiments to measure the rate of decomposition 
have not been carried out, but they could be very easily as the 
change is very slow. 

The following will illustrate this point: 


In an analysis of two different phytin preparations the substance was 
boiled with concentrated nitric acid under occasional additions of concen- 
trated hydrochloric acid for about half an hour. The organic matter was 
destroyed apparently at the end of this time as the solution was practically 
colorless. The phosphorus was determined in this solution by the usual 
molybdate method. After keeping at a temperature of 60°C. for one hour 
the precipitate was filtered off and the filtrate again warmed $n the water- 
bath for another hour. A new portion of the yellow precipitate had then 
formed which was removed by filtration and the filtrate again warmed on 


> Anderson: loc. cit. 
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the water-bath. A yellow precipitate continued to form slowly but continu- 
ously for two days when the experiment was discontinued. During this 
time the water lost by evaporation was replaced from time to time and small 
quantities of nitric acid were also added. The phosphorus when determined 
in the first precipitate and in that which formed during the first day amounted 
to 9.92 and 10.25 per cent only; whereas when determined after first destroy- 
ing the organic. matter by the Neumann method 14.42 and 15.23 per cent 
respectively were found. 

In another case 100 grams of calcium phytate were boiled under a reflux 
condenser with about 300 cc. of 30 per cent sulphuric acid continuously 
for one day; over night it was heated on the water-bath and the next day 
the boiling was continued allday. After precipitating with excess of barium 
hydroxide, thorough washing in hot water, removal of excess of barium by 
carbon dioxide and evaporating on the water-bath, no inosite could be found 
in the slight residue which remained. 

To determine if the phytin molecule suffered any partial decomposition 
on boiling with dilute acids 1 gram of phytic acid, dissolved in 100 cc. of 
water acidified with 10 cc. of 5 N hydrochloric acid, was boiled over a free 
flame for one hour. After cooling, barium chloride was added and the bar- 
ium phytate precipitated by the addition of alcohol. The substance was 
twice purified by precipitating its hydrochloric acid solution with alcohol. 
On analysis, results were obtained which showed that the substance was a 
pure tri-barium phytate, the salt which is always obtained under the above 
conditions of precipitation. 


In view of this relative stability of the phytin molecule it was 
thought that the pyrophosphoric acid ester referred to above might 
be more stable than the pyrophosphoric acid in the reaction mix- 
ture. Qualitative experiments showed that this was actually the 
case. 

Anaqueoussolution of pyrophosphoric acid, acidified with hydro- 
chlorie acid and a solution of the above inosite-pyrophosphoric 
acid reaction-mixture, also acidified with hydrochloric acid, were 
boiled for one hour. Some barium chloride and a like volume of 
alcohol were then added. The solution containing only pyrophos- 
phoriec acid gave no precipitate, while before boiling, alcohol pro- 
duced at once a white precipitate of barium pyrophosphate. The 
solution containing the inosite-pyrophosphoric acid reaction-mix- 
ture gave a white flocculent precipitate—the barium salt of the 
new ester. 

As the excess of the pyrophosphoric acid was present as ortho- 
phosphoric acid after boiling, it did not interfere with the purifi- 
cation af the.coupound by the dilute acid alcohol method. 
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By acting on dry inosite (1 molecule) with dry pyrophosphoric 
acid (6 molecules) at a temperature of 200°-220°C. another new 
pyrophosphoric ester was obtained. After boiling, as before, with 
dilute hydrochloric acid and purifying as the barium salt this pro- 
duct was found to be a di-inosite tri-pyrophosphoric acid ester; 
that is, its molecule is evidently made up of 2 molecules of di-py- 
rophosphoric acid esters of inosite joined through 1 molecule of 
pyrophosphoric acid and, accordingly, it corresponds with the 
following formula: 











CsHg (OH); O03 = [P203(OH)s}o 
OH 
=O 







A: 
CsH¢ (OH); O03 =[P203(OH)s}o 










It is evident therefore that complex compounds such as phytic 
acid is supposed to be cannot be formed at elevated temperatures, 
as in the various reactions tried in these experiments only esters 
were produced, and at lower tempgratures apparently no reaction 
takes place. These compounds are in physical and chemical prop- 
erties very similar to phytic acid. They form analogous acid salts 
which in appearance and solubility seem almost indentical with 
salts of phytic acid. Whether esters, such as above, are found in 
nature is at present unknown. It is, however, not impossible that 
a part of the organically bound phosphorus existing in plants may 
be present in some such, or similar, forms. 

The silver salts previously referred to were prepared in the hope 
that they might serve for the preparation of an ester of phytic acid 
with which molecular weight determinations might be made. As 
was to be expected, however, only acid salts were obtained and, 
as such, were quite useless for the purpose in view. In the reac- 
tion between phytic acid and silver nitrate, nitric acid is of course 
liberated and when any strong acid is present only acid phytates 
are obtained. 

Efforts made to prepare an ester by acting on sodium phytate 
with methyl-sulphate proved useless as no ester could be isolated. 
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Further experiments along this line are contemplated and will be 
reported later. 

In an article concerning the phosphorus compounds found in 
food materials which appeared in a Swedish chemical journal 
little known in this country and which is not abstracted by any of 
the larger chemical journals, a valuable contribution to the chem- 
istry of phytin was made by A. Rising. Among other things he 
describes a silver phytate of the following composition: C, 5.5; 
H, 1.08; P, 18. 2 and Ag 52.65 per cent, from which results he con- 
cludes that it must represent a complex pyrophosphoric acid com- 
pound of inosite. It is noteworthy that this author and E. Stark- 
enstein,’ independently and practically at the same time, expressed 
the same opinion, viz: that phytin represents a complex pyrophos- 
phoric acid compound of inosite. 

The silver salt described by Rising corresponds to the hepta- 
silver phytate mentioned in this paper. He proposes the empirical 
formula, CesHyAgeP;O2, but his results agree equally well with a 
hepta-silver phytate, CsH;7027P.Agz. 


‘FOUND FOR HEPTA- 
SILVER PHYTATE 


CALCULATED FOUND BY RISING 
IN THIS LABORA- 








From the above there appears to be no doubt that these salts 
are indentical. 

The several salts of phytic acid reported in this paper were pre- 
pared from previously purified and analyzed phytic acid and for 
this reason it was deemed quite superfluous to make carbon and 
hydrogen determinations on each salt. 


6 Svensk Kemisk Tidskrift, xxii, 7, p. 143, 1910. I am indebted to Mr. A. 
R. Rose of Columbia University for this as well as for many other valuable 
references. 

7? Loc. cit. 
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EXPERIMENTAL PART. 







Calcium magnesium potassium phytate. 






Two grams of phytic acid were dissolved in about 100 cc. of water, 
(0.224 gram of MgO (2 molecules), and 0.84 gram CaCO; (3 mole- 
cules) added. The MgO dissolved at once and nearly all the cal- 
cium carbonate but the salt of phytic acid was precipitated at the 
same time as a white precipitate. This was dissolved by a few 
drops of hydrochloric acid, the solution filtered and the filtrate 
rendered slightly alkaline to litmus with potassium hydroxide. 
After the precipitate had settled it was filtered off, washed well in 
50 per cent alcohol, alcohol and ether and dried in vacuum over 
sulphuric acid. The product was a fine white amorphous powder. 
It was free from chlorine. On moist litmus paper it showed a 
faintly alkaline reaction. It was slightly soluble in water but 
readily soluble in dilute acids. Yield, 2.9 grams. 

After drying at 105° in vacuum over phosphorus pentoxide it 
was analyzed. 














For Ce6H12027PsCasMgoKe = 948: 
Caleulated.......... Ca, 12.65; Mg, 5.12; K, 8.24; P, 19.60 per cent. 
Ca, 13.03; Mg, 4.29; K, 6.42; P, 19.07 per cent. 












This shows the difficulty of obtaining pure salts of phytic acid 
when several bases are combined in the same molecule of the salt. 






Penta-calcium phytate. 










One gram of phytic acid was dissolved in about 50 ec. of water 
and excess of calcium acetate added. On the first addition of the 
calcium acetate a white precipitate is produced, but on shaking, 
this redissolves and only after a liberal excess of the acetate has 
been added is the precipitate permanent. After settling, the pro- , 
duct was filtered and thoroughly washed in 50 per cent alcohol, 
alcohol and ether and dried in vacuum over sulphuric acid. The 
substance was a perfectly white amorphous powder. On moist 
litmus paper it showed an acid reaction. It is only slightly soluble 
in water, readily soluble in dilute mineral acids, less soluble in 
acetic acid. 
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For analysis it was dried at 105° in vacuum over phosphorus 


pentoxide. 
For CeHy4QOo7P Cas = 904: 
an © te Fe eS 
Ca, 22.46; P, 20.62 per cent. 


Tetra-calcium phytate. 


Various attempts were made to obtain a penta-calcium phytate 
in crystalline form without success. A tetra-calcium phytate was 
finally obtained by the following method: 

The penta-calcium phytate was dissolved in a small quantity of 
0.5 per cent hydrochloric acid, a concentrated solution of calcium 
acetate was added until a permanent precipitate remained which 
was then dissolved by the addition of a few drops of dilute hydro- 
chlorie acid. On now concentrating in vacuum to somewhat less 
than half the bulk at a temperature of 40° the calcium salt separates. 
The product was filtered off, washed thoroughly in 50 per cent 
alcohol and ether and dried in the air. The substance was a white 
semicrystalline or fine granular powder of irregular form. Its 
solubility was practically the same as for the penta-calcium phytate. 
It was free from chlorine. 

On drying at 105° in vacuum over phosphorus pentoxide the sub- 
stance lost water corresponding to 12 HO. 


0.2120 gram substance: 0.0422 gram H,O. 

0.1238 gram substance gave 0.0308 gram CaO and 0.0967 gram Mg»P20;. 
0.1857 gram substance gave 0.0456 gram CaO and 0.1448 gram Mg-P,0;. 
For CgHi6O27P6Cay = 866: 
Calculated.......................+....-Ca, 18.47; P, 21.47 per cent. 

i 17.78; P, 21.77 per cent. 
Ca, 17.55; P, 21.73 per cent. 
For 12 H,0, calculated: 19.96; found: 19.90 per cent. 


Penta-magnesium phytate. 


Two and five-tenths grams phytic acid were dissolved in about 
100 ce. of water and a concentrated solution of magnesium acetate 
was added. This did not cause any precipitate nor could the sub- 
stance be brought to crystallization by any of the usual methods. 
The solution was then concentrated to about half its bulk in vacuum 
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at a temperature of 35° to 40°. As the concentration proceeded 
the substance began to separate as a heavy powder. Thiswas 
filtered off, well washed in dilute alcohol, alcohol and ether and 
dried in the air. The product was a perfectly white semi-crystall- 
ine or loose granular powder of irregular form. On moist litmus 
paper it showed an acid reaction. It was slightly soluble in water, 
readily soluble in acids. 

For analysis it was dried at 105° in vacuum over phosphorus 
pentoxide. It lost water corresponding to 24 H:O. 









0.1504 gram substance gave 0.0510 gram H,0O. 
0.0997 gram substance gave 0.0671 gram Mg.P.O,; for Mg. 
0.0498 gram substance gave 0.0393 gram Mg>P2O; for P. 

For C.H14O27Ps6Mg;s = $25.5: 
Caloulated..............0.-+200-00..-.. Mig, IATL; P, 23.53 per cent. 
 , ea ee ees ye SF UR 

For 24 H.O, calculated: 34.36; found: 33.91 per cent. 













Hexa-copper phytate. 










This salt is precipitated directly from phytic acid solutions by 
copper acetate. It is difficult, however, to obtain a pure compound 
as it is apt to contain either too little or too much copper, depend- 
ing upon the conditions under which the precipitate is formed. 
In the purification of phytic acid it is usual to remove other bases 
which are present by repeatedly precipitating with barium chloride; 
the barium salt which is finally obtained is then decomposed with 
sulphuric acid. It is found, however, that if only the calculated 
quantity of sulphuric acid is used the barium sulphate which is 
formed is in such an extremely fine condition that it is impossible 
to remove it completely either by repeated filtrations or even by 
long centrifuging. But if a slight excess of sulphuric acid is used 
the barium sulphate in the course of only a few hours becomes heavy 
and granular and may be easily removed by simple filtration. In 
order to get rid of the excess of sulphuric acid the solution is now 
precipitated with copper acetate. The copper salt can beeasily 
washed free of the sulphate and acetate with water as it is very 
slightly soluble in very dilute acids. The pure copper salt is then 
easily decomposed with hydrogen sulphide and the free phytic 
acid obtained. 
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The copper phytate obtained from such slightly acid solutions was 
analyzed and the following results obtained: 


For CH 12027PsCug = 1083: 
EE Sec idden's<ce aden eee ..Cu, 35.18; P,.17.17 per cent. 
Cu, 33.54; P, 16.88 per cent. 


Pure phytic acid in water was precipitated with pure copper ace- 
tate when a compound was obtained which had the following com- 
position: 

Cu, 37.57; P, 15.13 per cent. 

It is seen from above that from slightly acid solutions of phytic 
acid a copper salt is precipitated which contains somewhat too 
little copper while from an aqueous phytic acid solution a salt is 
obtained which contains over 2 per cent excess of copper. 

The copper phytate is, like all other phytates, exceedingly soluble 
in 10 per cent phytic acid. It dissolves readily until a thick heavy 
syrup is formed, but it was found impossible to bring this solution to 
crystallization. Both of the above copper salts show an acid reac- 
tion on moist litmus paper. The red color is only developed slowly 
and is probably due to hydrolysis. 


Octa-silver phytate. 


This salt is obtained when an aqueous‘solution of phytic acid, 
mixed with twelve equivalents of silver nitrate, is precipitated 
with alcohol. The product is a heavy, white flocculent precipi- 
tate which settles at once. It was filtered off, washed in dilute 
alcohol, alcohol and ether and dried in vacuum over sulphuric acid. 
The product is only slightly affected by light but on continued 
exposure turns first yellowish and later dark in color. In the dry 
state it is a heavy white amorphous powder of acid reaction on 
moist litmus paper. It is very soluble in dilute nitric acid and 
exceedingly soluble in phytic acid. Many attempts were made to 
bring it to crystallization from the latter solution without success. 

For analysis it was dried at 105° in vacuum over phosphorus 
pentoxide. 

For ae eee = 1569: 


Nias ons 0 Ci ls BRS .. Ag, 55.00; P, 11.85 per cent. 
Ag, 55.98; P, 11.94 per cent. 
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Hepta-silver phytate. 






This salt is obtained when the octa-silver phytate, dissolved in 
dilute nitric acid, is precipitated with alcohol. The precipitate 
after filtering, washing and drying as before was analyzed. In 
appearance and properties it was identical with the octa salt. 

For CeH17027PsAgz.= 1462: 


Caloeietee iiss Si. ag SOs PP, 12.72 peor cont. 
Ee eae = Pl a 









Di-pyrophosphoric acid ester of inosite. 






Dry pyrophosphoric acid, 17.02 grams (little over 9 molecules), 
was heated in a flask in an oil bath to about 200° and 5.4 grams 
(3 molecules )of dry inosite added. At this temperature the inosite 
dissolved at once, forming a thick reddish-brown colored solution. 
After heating to 220° for a few minutes the flask was removed and 
allowed to cool. The reaction mixture was dissolved in 500 ce. 
of water, 20 ec. of 5 nN hydrochloric acid added and the whole boiled 
for about one hour. At the end of this time the excess of the pyro- 
phosphoric acid has become changed to ortho-phosphoric acid and 
as such does not interfere with the precipitation of the barium 
salt of the ester with alcohol. 

After cooling the above solution containing the new ester it was 
diluted to 1 liter with water, asolution of 40 grams of barium chloride 
in water was added and the barium salt of the ester was then pre- 
cipitated by adding 1 liter of alcohol. The resulting precipitate 
was filtered off at once and for the purpose of removing adhering 
inorganic phosphate was precipitated twice from 0.5 per cent hydro- 
chloric acid, in the presence of a small quantity of barium chloride, 
with alcohol and then twice from the same strength hydrochloric 
acid with alcohol. After finally filtering and thoroughly washing 
in 50 per cent alcohol, alcohol and ether it was dried in vacuum over 
sulphuric acid. The product so obtained was a white amorphous 
powder. In appearance it was very similar to the tribarium phy- 
tate and the barium salt of the tetra-phosphoric acid ester of inosite 
except that when precipitated with alcohol the particles appeared 
coarser. On moist litmus paper it showed strong acid reaction. 
It was readily soluble in dilute hydrochloric and nitric acids, less 
soluble in acetic acid, very slightly soluble in water and exceedingly 




















108 Phytin and Esters of Inosite 


soluble in 10 per cent phytic acid. It was free from chlorine. 
Yield, 11.8 grams. 

After drying at 105° in vacuum over phosphorus pentoxide the 
substance was analyzed. 

0.2617 gram substance gave 0.0421 gram H.O and 0.1016 gram COs. 

0.2796 gram substance gave 0.0488 gram H2O and 0.1080 gram COs. 

0.2566 gram substance gave 0.1495 gram Ba SO, and 0.1443 gram Mg»P.0,;. 

ae, {C, 10.58; H, 1.80; P, 15.67; Ba, 34.28 per cent. 
‘” LC, 10.53; H, 1.95 per cent. 


The substance was not yet pure being probably mixed with some 
mono-pyrophosphoric acid ester of inosite; at least the high carbon 
and low phosphorus points to such a conclusion. 

It was hoped that the exceeding solubility of the substance in 
phytic acid might serve to separate these bodies. For this purpose 
the whole substance was dissolved in 20 ec. of 10 per cent phytic 
acid. On diluting with water a portion of the substance separated 
as a heavy granular powder. To complete the separation 100 cc. 
of water was added and then allowed to stand two days at room 
temperature. This precipitate was discarded, as analysis after 
purifying by precipitating from 0.5 per cent hydrochloric acid with 
alcohol, showed that it was still impure and only 0.9 gram had been 
obtained. The great bulk of the substance was accordingly con- 
tained in the filtrate from the above. This filtrate was diluted to 
300 ce. with water and then precipitated by adding 300 cc. of alco- 
hol. The voluminous white precipitate was filtered off, washed 
thoroughly in 50 per cent alcohol and alcohol. For purification it 
was dissolved in 0.5 per cent hydrochloric acid and precipitated 
by alcohol. After filtering and thoroughly washing in dilute alco- 
hol until free from chlorine it was washed in alcohol and ether and 
dried in vacuum over sulphuric acid. The product so obtained 
was a pure white amorphous powder. On moist litmus paper it 
showed a strong acid reaction. The solubility corresponded with 
that previously observed. Yield, 7.7 grams. 

For analysis it was dried at 105° in vacuum over phosphorus 


pentoxide. 


0.2914 gram substance gave 0.0440 gram H:O and 0.1026 gram COs. 
0.1667 gram substance gave 0.0977 gram Ba SO, and 0.0960 gram Mg2P:0;. 
For CsH.(OH).O2(P2,0s;HBa). = 770.7: 

Calculated C, 9.34; H, 1.55; P, 16.08; Ba, 35.64 per cent. 
Found...............C, 9.60; H, 1.68; P, 16.05; Ba, 34.48 per cent. 




















R. J. Anderson 109 


The barium was found to be a little low but this is compensated 
for through a slightly high carbon content; moreover it is some- 
times difficult to obtain amorphous salts of this kind which show 
closer agreement than the above. The analysis leaves no doubt 
that the substance was the barium salt of the ester in question. 
It will be noticed that the di-pyrophosphoric acid ester is isomeric 
with the tetra-phosphoric acid ester of inosite previously referred 
to. Lack of time has prevented the determination of the free 
alcoholic (OH) groups in the inosite ring in either of these com- 
pounds. Experiments along this line are contemplated, however. 

That the reaction between the inosite and the pyrophosphoric 
acid actually occured along the lines discussed above may be judged 
by the amount of water given off. To determine this point 0.36 
grams inosite (1 molecule) and 1.06 gram pyrophosphoriec acid (3 
molecules), both previously dried at 100°C., were heated in a small 
flask in an oil bath at 200°-220° under the same conditions as 
in the above experiment. The water, which began to come over 
at a temperature of about 200°, was collected in a weighed calcium- 
chloride tube. The aqueous vapors were removed by means of the 
suction pump but no special effort was made to secure quantitative 
results. The water obtained weighed 0.0494 gram whereas the 
quantity calculated for 2 molecules H.O is 0.072 gram. Theamount 
obtained is therefore only about 68 per cent of the theory. 


Preparation of the free di-pyrophosphoric ester. 


The air-dried barium salt of the ester (4 gram) was suspended 
in water and decomposed with a slight excess of sulphuric acid, 
the barium sulphate was removed and the solution precipitated 
with copper acetate. The copper salt was filtered off, thoroughly 
washed in water, suspended in water and decomposed with hydro- 
gen sulphide. It was found impossible to remove the copper sul- 
phide completely by filtration as it formed a colloidal solution, but 
by acidifying with a few drops of hydrochloric acid and heating to 
boiling the copper sulphide was precipitated. After filtering, the 
filtrate was evaporated several times in vacuum for the removal 
of the hydrochloric acid and finally dried in vacuum over sulphuric 
acidand potassium hydroxide until it was of athick syrupy consist- 
ency. The product obtained was of the same appearance as phytic 
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acid or the tetra-phosphoric ester, viz.: a thick light amber colored 
liquid. After drying at 105° the substance was analyzed. 


0.1709 gram substance gave 0.0552 gram H:,O and 0.0892 gram CO.. 
0.1739 gram substance gave 0.1517 gram Mg»P20;. 
For CsHs(OH)sO2[P203(OH)s]2 = 500: 
Calculated....................C, 14.40; H, 3.20; P, 24.80 per cent. 
FOUR 20.0000 02+cc0scerteee ey 14.98; H, 3.61; P, 36.31 per cont. 


Properties of the free di-pyrophosphoric ester. 


The concentrated aqueous solution is a thick light amber colored 
syrup. On longer drying over sulphuric acid it becomes a hard and 
brittle hygroscopic mass. 

The aqueous solution is of strong acid reaction and sharp acid 
taste. 

With barium chloride no precipitate is produced either in the 
cold or on heating; alcohol or ammonia produces a white precipitate 
in this solution. 

Calcium chloride gives no precipitate even on heating but alcohol 
causes in this solution a voluminous flocculent precipitate. 

Calcium acetate produces at once a white precipitate sparingly 
soluble in acetic but readily soluble in mineral acids. 

Magnesium acetate gives a white precipitate readily soluble in 
acids. 

Ferric chloride gives a white or faintly yellowish precipitate very 
sparingly soluble in acids. 

Barium acetate gives a white precipitate sparingly soluble in 
acetic acid but readily soluble in dilute hydrochloric or nitric acids. 

Dilute silver nitrate does not cause a precipitate but concen- 
trated silver nitrate gives a white precipitate. 

With ordinary molybdate solution no precipitate is produced 
but neutral molybdate gives a white precipitate which slowly 
turns yellowish in color. On drying at 105° the substance turns 
very dark in color. | 


Inosite from di-pyrophosphoric ester. 


The free ester, 0.65 gram, was heated with 20 cc. of 5n sulphuric 
acid in a sealed tube to 150° for about three hours. The inosite 
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was isolated by the usual method and crystallized from dilute alcoho! 
after addition of ether. After recrystallizing from hot dilute alcohol, 
adding ether and allowing to stand several hours in the cold, the 
substance was obtained in small, colorless crystals free from water 
of crystallization: Yield, 0.18 gram or 75 per cent of the theory. 
The air-dried, water-free substance melted at 221°C. (uncorrected) 
and it gave the reaction of Scherer. Drying at 110° for one hour 
caused no loss of weight. On analysis the following results were 
obtained: 











(0.1634 gram substance gave 0.0981 H,O and 0.2374 gram CO». 
For C.H 20. = 180: 

| OES te EO ee 

PUNT eos ie ect e beech ieee cen Uy eee ee ee ee Ge 











Di-inosite tri-pyrophosphoric acid ester. 





This ester is formed when dry inosite is heated with excess of 
pyrophosphoric acid. The molecule of the new ester evidently 
consists of 2 molecules of di-pyrophosphoric acid esters of inosite 
joined by 1 molecule of pyrophosphorie acid. 

Dry inosite, 1.8 grams (1 molecule), was heated with 10.7 grams 
(6 molecules) of pyrophosphoric acid under the same conditions as 
described for the di-pyrophosphoric ester and it was isolated as 
the barium salt in exactly the same way. After precipitating five 
times from 0.5 per cent hydrochloric acid with alcohol the product 
was finally obtained as a perfectly white amorphous powder. Its 
solubilities corresponded practically with those mentioned for 
the di-pyrophosphoric acid ester and likewise it showed a strong 
acid reaction on moist litmus paper. 

For analysis it was dried at 105° in vacuum over phosphorus a 
pentoxide. 





















0.2086 gram substance gave 0.0296 gram H.O and 0.0614 gram CO». 
0.1412 gram substance gave 0.0879 gram BaSO, and 0.0844 gram MgeP,0>. 
Found........ ......-C, 8.02; H, 1.58; P, 16.66; Ba, 36.63 per cent. 











This substance was then again precipitated twice from 0.5 per 
cent hydrochloric acid with alcohol and after drying at 105° gave 
the following result on analysis: 
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0.2420 gram substance gave 0.0342 gram H2O and 0.0725 gram CO. 
0.2331 gram substance gave 0.1422 gram BaSO, and 0.1384 gram Mg»P.0.,. 
For Cj2He2On Pi oBas = 1818: 

Calculated C, 7.92; H, 1.21; P, 17.05; Ba, 37.73 per cent. 
Weed I: {C, 8.02; H, 1.58; P, 16.66; Ba, 36.66 per cent. 
“'"""" "TT: CG, 8.17; H, 1.58; P, 16.55; Ba, 35.90 per cent. 


As repeated precipitations did not alter the composition it was 
undoubtedly a homogeneous compound. The barium was found 
to be too low, but as previously remarked it is difficult to obtain 
these amorphous salts in absolutely pure form. The percentage 
of the base combined with the acid is apt to vary more or less, de- 
pending upon conditions. The analysis of the free ester leaves no 
doubt but that the substance was the compound in question. 


Preparation of the free di-inosite-tri-pyrophosphoric acid ester. 


The purified dry barium salt (1.5 grams) was suspended in water, 
decomposed with slight excess of sulphuric acid, the barium sulphate 
removed and the solution precipitated with copper acetate. The 
copper salt was decomposed and the free ester obtained in exactly 
the same way as described for the di-pyrophosphoric ester. 

In this case also the copper sulphide could be precipitated only 
after the solution had been acidified with hydrochloric acid. For 
the removal of the hydrochloric acid the filtrate was evaporated 
several times in vacuum with water and finally dried in vacuum 
over sulphuric acid and potassium hydroxide. The product, like 
the previous compound, was a thick light amber colored syrup. 
For analysis it was dried at 105° C. 


0.1607 gram substance gave 0.0466 gram H2O and 0.0744 gram COs. 
0.1083 gram substance gave 0.1030 gram Mg2P.O;. 
For Cy2H3204Pio = 1142: 
Calculated....................C, 12.60; H, 2.80; P, 27.14 per cent. 
i en os <i > mes fe me F eo, 


Properties of the di-inosite tri-pyrophosphoric ester. 


The properties of this ester agree in the main with those mentioned 
of the di-pyrophosphoric ester. The concentrated solution of the 
ester forms a thick light amber colored syrup which on longer 
drying in desiccator becomes brittle and hygroscopic. The aqueous 
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solution is of strong acid reaction and pleasant acid taste. The 
precipitates produced with calcium, magnesium, silver and iron 
salts are indentical with those given by the di-pyrophosphoric 
ester. 

Barium chloride produces at once a white precipitate sparingly 
soluble in acetic but readily soluble in dilute hydrochloric and nitric 
acids. 

Ordinary molybdate solution produces a white precipitate which 
does not turn yellowish in color, being in this respect indentical with 
phytic acid. 

Neutral molybdate solution causes at first a voluminous white 
precipitate which redissolves almost immediately. The addition 
of a few drops of the ordinary acid molybdate to this solution and 
scratching with a glass rod causes the separation of long white 
needle-shaped crystals. The crystals and the precipitate caused 
by the ordinary molybdate solution are readily soluble in ammonia. 

On drying at 105° the substance turns very dark in color. 

Lack of material prevented the hydrolysis of this ester and the 
isolation of inosite as one of the products of decomposition had 
therefore to be omitted. 
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THE INFLUENCE OF SODIUM TARTRATE UPON THE 
ELIMINATION OF CERTAIN URINARY CONSTITU- 
ENTS DURING PHLORHIZIN DIABETES. 


By FRANK P. UNDERHILL. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven, Connecticut.) 


(Received for publication, May 25, 1912.) 


In recent communications by Baer and Blum! it is pointed out 
that the subcutaneous administration of a series of organic com- 
pounds containing two carboxyl groups exercises a remarkable 
inhibitory influence upon the elimination of urinary nitrogen and 
dextrose in dogs with phlorhizin diabetes. Among the substances 
possessing this property may be mentioned glutaric and tartaric 
acids and their salts. 

The results obtained by these authors are so striking and of such 
fundamental importance in the interpretation of the mechanism 
of phlorhizin diabetes that a reinvestigation of the problem seemed 
desirable. Accordingly experiments have been planned similar 
to those of Baer and Blum the details of which are appended.? 
The investigation has corroborated the reported results but has 
yielded an explanation for the phenomena observed which is differ- 
ent from that put forth by Baer and Blum. Our work has been 
confined to the study of the action of a single compound used by 
Baer and Blum, namely, sodium tartrate, prepared by neutrali- 
zation of the racemic crystalline tartaric acid (Kahlbaum and other 
preparations) with sodium carbonate. Both rabbits and dogs were 
employed as experimental animals. 


Baer and Blum: Hofmeister’s Beitrdge, x, p. 80, 1907; xi, p. 102, 1908; 
Arch. f. exp. Path. u. Pharm., |xv, p..1, 1911. 

* A notice of this investigation was communicated to the Society for Ex- 
perimental Biology and Medicine, May 15, 1912. 


IIS 





116 Sodium Tartrate and Phlorhizin Diabetes 


After the completion of our experiments a preliminary account 
of the influence of glutaric acid on phlorhizin diabetes was reported 
by A. I. Ringer.* In this communication Ringer has entirely failed 
to confirm the reported results of Baer and Blum with respect to 
glutaric acid. 

Meruops. The general plan of experimentation was similar to 
that of Baer and Blum. Phlorhizin diabetes was established for 
a preliminary period (usually three days) in the fasting animal, 
the drug being given subcutaneously once daily in sodium carbonate 
solution. Water was allowed ad libitum. Urine was collected in 
twenty-four-hour periods either by compression of the bladder in 
rabbits or by catheterization in the case of dogs. Tartrate admin- 
istration occurred immediately after the phlorhizin injection and the 
quantities of tartaric acid specified in the tables were subcutane- 
ously injected subsequent to neutralization with sodium carbonate. 

In our preliminary trials we repeated the work of Baer and Blum 
employing rabbits instead of dogs. As may be seen from tables 
1, 2, 3, and 4, sodium tartrate administered subcutaneously to 
rabbits with phlorhizin diabetes promptly causes a very decided 
diminution in the output of total nitrogen and dextrose. It will 
also be observed, however, that urine secretion is greatly diminished 
and in some of the experiments, of which the appended are a few 
examples only, was completely inhibited. From the data in the 
first four tables it 7s evident that suppression of urine is sufficient 
to account for the very great decrease in the output of the urinary con- 
stituents under consideration. When the urine secretion was not 
entirely inhibited we have at times obtained water-clear twenty- 
four-hour specimens of fair volume in which no trace of nitrogen or 
dextrose could be detected. 

Experiments with dogs yielded results in accord with those 
obtained with rabbits as may be seen from the examples cited in 
tables 5 and 6. In experiment 7, dog 1, table 5, the change in 
the output of urine and of the urinary constituents under discussion 
shows a striking similarity to that observed in rabbits. Experi- 
ment 8, dog 3, table 6, is inserted to show that at times one dog may 
perhaps be less susceptible to the action of tartrate than other indi- 
viduals, and that water may be eliminated by the kidney even 


3 Ringer: Proceedings of the Society for Experimental Biology and Medicine, 
ix, p. 54, 1912. 
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TABLE 1. 
EXPERIMENT 1, RABBIT A. 












Male rabbit of 2200 grams received daily subcutaneous injection of 0.25 gram 
phlorhizin. 














URINE 





“911 1 saa REMARKS 
Specific Total 










Volume gravity Nitrogen Dextrose 
November cc. grams | grams 
14 90 1.040 | 1.85 2.72 
15 100 1.026 | 1.60, 1.80 
16 100 1.0380 | 1.99 1.43 
we. ee — | 0.13 0.00 Subcutaneous injection 
| of 3.0 grams tartaric 
acid, neutralized with 
Na:CO;, in 40 ce. 
water. 
18 8 — | 0.00 0.00 | Animal lies in deep 





coma. Does not re- 

| _ spond to stimulation. 

19 | ee | Heart beat and respi- 
| ration very slow. 












Animal found dead. 
Bladder empty. No 
urine secreted for 24 
hours. 

















when the latter is no longer in a condition to normally secrete the 
organic constituents of the urine. With rabbits exactly analogous 
conditions may obtain. In other words, a dose of sodium tartrate 
which in the majority of rabbits or dogs causes suppression of urine 
may exert only a slight influence in this direction in a small number 
of individuals. An inspection of the data presented by Baer and 
Blum points to the same conclusion, and it is possible that the nega- 
tive results reported by Ringer may be due to the same fact. This 
seems hardly likely, however, and as a possible explanation of 
Ringer’s failure to corroborate the findings of Baer and Blum we 
would call attention to the fact that Ringer administered his glutaric 
acid solutions in three equal doses during the course of the day and 
in this way failed, perhaps, to overwhelm the capacity of the animal 
to transform the compound into a harmless derivative. 
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TABLE 2. 
EXPERIMENT 2, RABBIT B. 


Female rabbit of 2300 grams received daily subcutaneous injection of 0.25 
gram phlorhizin. 


URINE 


, sate ame 4 ies REMARKS 
| Spec ota 
Volume | gravity | nitrogen | Dextrose 


ee — ee | 


November “ | grams | grams 


14 1.0830 | 1.66 | 3.58 _ 
15 | 1.086 | 1.58 | 1.39 | 
16 1.030 ~—-: 11.82 | 1.28 | 
17 — 0.06 , 0.17 | Subcutaneous injection 
of 3.0 grams tartaric 
acid, neutralized with 
Na2CO;, in 40 ce. 
water. 


Animal lies in cage, can- 
not stand. Has no 
muscular control. 
Heart beat and respi- 
ration are greatly ac- 
celerated. 

Found dead. No urine 
secreted for twenty- 
four hours. 


From the data in tables 1, 2, 3, and 4, it is evident that sodium 
tartrate produces its unique influence upon the elimination of urinary 
nitrogen and dextrose in phlorhizinized animals by causing a partial 
or complete suppression of urine. In order to determine further 
the correctness of this conclusion, sections of the kidneys were 
preserved and sent to Prof. H. Gideon Wells of the University of 
Chicago to whom I am greatly indebted for the examination of the 
tissues. In his report Professor Wells says in part, “The greater 
part of the epithelium of the convoluted tubules is entirely necrotic, 
and most of the tubules, almost all, in fact, are occluded by large 
hyaline and granular casts, frequently containing more orless 
hemoglobin. It is easy to understand that such a kidney could 
not secrete. It is quite as severe a change as I have ever seen in 
experimental nephritis. There is very little difference between any 
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TABLE 3. 
EXPERIMENT 3, RABBIT C. 










Female rabbit of 2200 grams received daily subcutaneous injection of 0.265 
gram phlorhizin. 














































WN | Volume | Specific | Total | Dextrose 
November; cc. | grams | grams 

21 8 | 1.026 0.95 1.88 | Drank 80 cc. water. 

22 75 1.030 1.30 1.16 | Drank 45 cc. water. 

-23 75 1.030 1.18 0.87 | Drank 50 cc. water. 

24 30 1.012 | 0.00 0.00 Subcutaneous injection 
of 1.75 grams tartaric 
acid, neutralized with 
Na,CO;, in 30 cc. 
water. Drank 140 cé. 

water. 

25 40 1.015 | 0.07 0.00 , Would not drink. Par- 

tial prolapse of uterus. 





Animal killed. On 
| autopsy all organs 
appeared normal ex- 
cept the kidneys 
which seemed very 
pale and soft. 
















of the specimens, and that only in degree. The glomerules show 
almost no change beyond an occasional small hemorrhage.” 
Concerning the histology of the dog kidneys Professor Wells 
reported that vacuolization was much more prominent than 
necrosis. 

The histological picture therefore coincides with the other data. 
In their investigation Baer and Blum apparently made no histolo- 
gical study of the kidneys, hence their failure to fully recognize 
the cause of the diminished excretion of the urinary constituents. 
It is only fair, however, to add that the suspicion of a kidney 
factor must have entered into their ideas since they have recorded 
some experiments with this point in mind.‘ But they tested the 
secretory power of the kidney by means of inorganic salts only and 
















‘ Baer and Blum: Arch. f. exp. Path. u. Pharm., xv, p. 1, 1911. 
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TABLE 4. 


EXPERIMENT 4, RABBIT D. 


Female rabbit of 2200 grams received daily subcutaneous injection of 0.25 
gram phlorhizin. 


URINE 


é REMARKS 
Specific Total 
gravity nitrogen 


| 
| Dextrose 


grams 

1.12 Drank 70 cc. water. 

a7 | Drank 25 cc. water. 

0.92 | Drank 45 cc. water. 

0.05 _ Subcutaneous injection 
of 2.0 gram tartaric 
acid, neutralized with 
Na2CO;, in 40 ce. 
water. Animal drank 
125 cc. water. 

Urine clots in jelly-like 
mass. Would not 
drink. 

Would not drink. 

At 5 p.m. animal was 
seized with convul- 
sions and died in few 
moments. At autop- 
sy all organs appeared 
normal except the kid- 
neys which were pale 
and soft. 


report no change in the elimination of these compounds and there- 
fore conclude that kidney secretory factors are not primarily account- 
able for their results. However, it does not necessarily follow 
that in a given form of nephritis inorganic salts alone may not 
be eliminated, nor is it fair to assume that, because one substance 
may be excreted, a second compound of an entirely different chemi- 
cal nature will behave in the same manner. If these results of 
Baer and Blum with inorganic salts are accepted our results indicate 
the correctness of our contention. It is not our intention, however, 
at this time to enter more deeply into the conditions attendant 
upon tartrate nephritis but rather to indicate that a nephritic 
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TABLE 5. 






EXPERIMENT 7, DOG 1. 
Full-grown bitch of 9 kilos received daily subcutaneous injection of 1.6 grams 
phlorhizin. 












| URINE 





DATE — 













1912 | 3 ne am sl 2% REMARKS 
| Volume por Po tall Dextrose 
February | ce. grams grams 
4m 1.070 | 6.42 32.82 D:N ratio = 5.11. 
Animal drank 120 cc. 
water. 

7 415 | 1.074 | 11.70 43 .33 D :N ratio = 3.70. 
Animal drank 250 cc. 
water. 

s | 600 1.053 | 11.98 40.06  D:N ratio = 3.34. 

Animal drank 70 ce. 
| water. 






neutralized with Na;- 

| COs, were subcutane- 

| ously injected, dis- 

| | solved in 50 cc. water. 

10 10 | — | 0.0% 0.25 | Animal has lost control 

| of muscles and lies 

in cage. Vomits any 

water given. At the 

close of this day it 
was apparent that 
| dog would not survive 

the night. Animal 

was killed by chloro- 

form. All organs ap- 
peared normal. 






4 | 125 | 1.008 0.16 0.00 | 8.0 grams tartaric acid, 
| 























condition must be taken into consideration in the discussion of the 
results reported by Baerand Blum. Some of the factors of tartrate 
nephritis will be detailed in a subsequent communication shortly to 
appear, the work of which has already been completed. 

The present’ problem has also been attacked from another stand- 
point. It is quite conceivable that phlorhizin, acting, presumably, 
specifically upon the kidney structure, may render the latter unus- 
ually sensitive to tartrate action and therefore that the combina- 
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TABLE 6. 
EXPERIMENT 8, DOG 3. 


Full-grown bitch of 11.0 kilos received daily subcutaneous injection of 1.5 
grams phlorhizin. 








REMARES 


gravity 





1.070+; 4.44 | 31.05 | D:N ratio = 6.90. 
Animal drank 370 cc. 
| water. 

1.070+. , D : N ratio = 3.63. 

| Animal drank 250 cc. 

water. 

1.060 , 29.7! D :N ratio = 3.30. 

Animal drank 290 cc. 
water. 

Subcutaneous injection 
of 10.0 grams tartaric 
acid, dissolved in 50 
ec. fluid and neu- 
tralized with NaeCQ;. 
After injection ani- 
mal vomited repeat- 
edly. Could not drink 
because of vomiting. 





_Animal developed ab- 
cess at site of injec- 
tion. In a weak con- 
dition. Vomits con- 
tinually. Killed with 
| chloroform. At au- 
_ topsy all organs ap- 
| | | peared normal. 


tion of the two drugs may bring about changes in the kidney that 
neither alone could accomplish. If, however, sodium tartrate has 
a specific action upon kidney secretion this should be manifested 
by exclusion of the phlorhizin effect, all other conditions remaining 
unchanged. We have endeavored to compass this result and in 
order to measure the extent of kidney secretion (in the absence of 
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TABLE 7. 
EXPERIMENT 5, RABBIT E. (Control). 








































| URINE 
‘ell @ , l« eT e Bae REMARKS 
Volume oemy em o—_ ' Creatine 
November ce. grams ~~ par ae 
22 | 10 —= 1.012 | 0.85 84 9 Animal drank 150 ce. 
water. 
23 65 1.022 | 0.81 87 34 Animal drank no water. 
24 70 1.020 1.22 ‘78 63 Animal drank 25 ce. 
water. 
25 30 1.015 0.12 Trace,| Trace, | Subcutaneous injection 
| too too of 3.0 grams tartaric 
small | small acid, neutralized with 
to es- | to es- Na-CO;, in 40 cc. 
timate |timate | water. Animal drank 
| 30 ce. water. Nosymp- 
toms followed injec- 
tion. 
26 less — — -— — | Animal drank 110 ce. 





water. 











Animal drank 60 cc. 
water. Animal ap- 
pears normal except 
that head is rotated to 
to the right. During ‘i 
| morning had one con- 
| vulsion. Recovered. 
28 | Found dead. At autop- 
| sy peritoneal cavity 
contained 30 cc. of 
clear fluid that readily 
clotted. The kidneys 
| | presented an injected 
| | appearance. All other 
organs seemed normal. 
| Bladder contained no 
| urine. 
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TABLE 8. 


EXPERIMENT 6, RABBIT F. (Control). 


Female rabbit of 2200 grams. No phlorhizin was given throughout experiment. 


URINE 


Specific | Total  Creat- 


Volume gravity | nitrogen inine 


November | ee 


22 


23 
24 


25 


| 





| 


70 ~=—- 1.020 
60 1.025 


32 =-:1.015 


| Creatine | 





| 


} 





| grams | 


0.97 
0.90 


0.15 | 





milli- | 
grams | grams 
| 


115 | 1.011 | 0.74 | 90 


111 
84 


Trace, 
but 
too 

small 

to es- 
timate 





| 
| 
{ 
| 


| 


milli- 


21 


39 
48 


Trace, 
but 
too 

small 

to es- 
timate 





| 


REMARKS 


Animal drank 90 ce. 
water. 

Animal drank no water. 

Animal drank 50 ce. 
water. 

Subcutaneous injection 
of 3.0 grams tartaric 
acid, neutralized with 
Naz CO;, in 40 cc. water. 
No symptoms followed 
injection. Animal 
drank 60 cc. water. 


| Animal drank 25 ce. 


water. Peculiar posi- 
tion of head similar to 
that of Rabbit E. 


Animal in light coma. 


Killed with chloro- 
form. Kidneys were 
very pale and soit. 
All other organs were 
apparently normal. 
Bladder was empty. 


glycosuria), have noted the excretion of urine and total nitrogen as 
usual and, in addition, the elimination of creatinine and creatine, 
the latter compound being constantly present in the urine of our 


fasting animals. 


In the data presented in tables 7 and 8 the water 


intake was observed in order to discover whether diminished volume 
of urine could be accounted for by lack of water consumption. 
It will be seen that there is no strict correlation between the intake 
and the output of water in the tables mentioned, a fact which also 
applies to the data contained in all the other tables. From the 
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experiments with fasting rabbits, given subcutaneous injections 
of tartrate only, it is evident that the result presented is one induced 
specifically by the tartrate and apparently bears little or no relation 
to the application of phlorhizin. 

The histological examination revealed no recognizable differ- 
ences in the kidney changes of specimens taken from animals 
receiving both phlorhizin and tartrate and from those to whom only 
tartrate had been administered. In his partial report above, Pro- 
fessor Wells says, “There is very little difference between any of 
the specimens, and that only in degree.”” The kidneys taken from 
animals represented in tables 7 and 8 were sent to Professor Wells 
mixed in the lot excised from animals having had an injection of 
both phlorhizin and tartrate. From these observations it is appar- 
ent that sodium tartrate alone is capable of inducing a particularly 
severe form of nephritis when subcutaneously introduced into rab- 
bits and dogs. 

Our conception of the mechanism responsible for the diminution 
in urinary constituents as reported by Baer and Blum also furnishes 
a reasonable explanation for the toxicity of tartaric acid observed 
by these investigators. In their last paper® upon the subject tar- 
taric acid action is discussed as follows, “Weiterhin besass die 
Saure eine erhebliche Giftigkeit. Ohne bemerkenswerte Symtome 
starb die Mehrzahl unserer Hunde kurz nach Beendigung, einzelne 
Tiere sogar vor Beendigung des Versuchs. Immerhin glauben wir 
diese giftige Wirkung als etwas Akzidentelles auffassen zu diirfen, 
nicht als die Ursache des Einflusses auf Zucker-, Stickstoff- und 
Acidosekérperausscheidung. ”’ 

























SUMMARY. 







The observation of Baer and Blum that sodium tartrate subcu- 
taneously injected may greatly diminish the output of nitrogen and 
dextrose in the urine of phlorhizinized dogs has been substantiated 
by the results of our investigation on the subject, but we differ 
from these authors in the interpretation of the phenomena provoked. 

Our experience shows that sodium tartrate subcutaneously admin- 
istered to phlorhizinized rabbits and dogs induces distintegrative changes 









’ Baer and Blum: Arch. f. exp. Path. u. Pharm., \xv, p. 16, 1911. 
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in the kidney tubuli sufficient to account for the lessened elimination 
of urinary nitrogen and dextrose, observed by Baer and Blum. 

Under strictly comparable experimental conditions similar results 
may be obtained in animals that have not received phlorhizin, thus 
demonstrating that sodium tartrate acts specifically in this direc- 
tion and that phlorhizin probably contributes little or nothing to 
the detrimental influence under discussion. 
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NO.—CsH,—N 






N COH was first introduced by 


| I 


CH;—C———-CNO, 


Picrolonic acid 






Knorr! as a precipitant for organic bases. Steudel* applied it 
to the hexone bases obtained by hydrolysis of proteins. Later 
Mayeda? described also the picrolonates of the aromatic amino- 
acids, tryptophane and phenylalanine. The latter was partic- 
ularly distinguished by its slight solubility in water. In the 
course of a hydrolysis we found this picrolonate of so much 
assistance in the isolation of phenylalanine that we attempted 
to make the picrolonates of some of the other monoamino-acids, 
with the idea that they also might prove useful in the separa- f 
tions that are necessary in carrying out protein hydrolyses. We | 
found that all the natural monoamino-acids, with the exception 
of the pyrrollidine acids, proline, and oxyproline, gave beau- 
tiful crystalline, definite salts with picrolonic acid, most of them 
being fairly insoluble in cold water. When this work had been 
completed and the report sent in to the Secretary of the Society 
for Experimental Biology and Medicine for the meeting of May 
15, an article by Abderhalden and Weil‘ appeared describing 
picrolonates of alanine, glycocoll, and inactive leucine. This 



















' Ber. d. deutsch. chem. Gesellsch., xxx, p. 909, 1897. 
* Zeitschr. f. physiol. Chem., xxxvii, p. 219. 

* [bid., li, p. 261. 

* Ibid., Ixxviii, p. 150. 
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paper antedates our report in demonstrating that the ordinary 
monoamino-acids form crystalline picrolonates. As, however, 
our technique was somewhat different from that of Abderhalden 
and Weil, yielded products of constant molecular composition, 
and our work included the preparation and study of a larger series 
of picrolonates, we decided to publish it in the present paper. 

Abderhalden and Weil added an alcoholic solution of pic- 
rolonic acid to the concentrated water solution of the amino- 
acids. Crystalline products were obtained, but, in the. case of 
glycocoll and alanine, when an excess of the amino-acid was pres- 
ent the product contained more.than 1 molecule of amino-acid. 
We never met this difficulty. Our procedure is as follows: The 
amino-acid and picrolonic acid in molecular proportions, or with 
amino-acid in excess, are dissolved in a minimum amount -of 
boiling water. On cooling, and usually while the solution is still 
warm, the picrolonate crystallizes. The product obtained was » 
of normal composition, containing one molecule each of amino- 
acid and picrolonic acid, in every case except those of d-alanine, 
dl-serine, and d-glutaminic acid. These salts showed a tendency 
to carry down an excess of picrolonic acid. The latter, however, 
was readily removed by shaking out the pulverized salt with 
ether. The salts all show definite crystalline form, which in some 
cases is quite characteristic. Isoleucine, for example, crystal- 
lizes in long slender prisms, while /-leucine forms rhomboids. 
If one makes a picrolonate of the so-called natural leucine from 
proteins, which is a mixture of the two, the two types of crystals 
can be seen together under the microscope. Most of the pic- 
rolonates decompose when they melt, and many of them have 
decomposing points too indefinite to be of value for character- 
izing them. Others, however, melt or decompose quite sharply. 

For separating mixtures of amino-acids by means of their 
picrolonates two methods are possible. One can either transform 
all the amino-acids into picrolonates, and recrystallize them, 
or one can add to the mixture of amino-acids only enough pic- 
rolonic acid to combine with that forming the most insoluble 
picrolonate. We have not tried out either method exhaustively 
but we have found that the latter gives good results in separating 
phenylalanine from glutaminic and aspartic acids. 
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For determining the molecular proportions in which amino- 
acid and picrolonic acid are present in a given salt the most direct 
method is determination of the proportion of amino nitrogen 
present. The determination is conveniently carried out as fol- 
lows: 0.1 — 0.2 gram of picrolonate is dissolved in boiling water 
to which 1 ee. of 10 per cent hydrochloric acid is added. The 
solution is cooled, and the picrolonic acid which crystallizes out 
is filtered off, the filtrate being received into an evaporating dish. 
The crystals are washed a few times, and the filtrate concentrated 
on the water bath, and used for determination of amino nitrogen 
by the nitrous acid method of Van Slyke.’ The removal of pic- 
rolonie acid is necessary, because, even when the solubility of 
the picrolonate permits using it directly for the determination, 
the picrolonic acid set free in the nitrous acid mixture makes a 
gelatinous mass which renders the determination difficult. 

The free amino-acids can be readily and quantitatively re- 
gained from the picrolonates by boiling the latter in water con- 
taining an excess of { sulphuric acid, filtering off the picro- 
lonie acid which crystallizes from the cooled solution, and extract- 
ing with ether the small amount of picrolonic acid remaining 
in solution. The solution is heated on the water bath, and the 
sulphuric acid precipitated with an equivalent of titrated bar- 
ium hydrate solution. On evaporating the filtrate from the bar- 
ium sulphate the free amino-acid is left in pure condition as a 
residue. 

In the following table is given a list of the picrolonates which 
we have prepared, with some of the more important constants 
of each. The picrolonates are arranged in inverse order of their 
solubility. 





























5 This Journal: ix, p. 185, 1911. 
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EXPERIMENTAL. 





dl-Alanine. One gram of alanine and 2.6 grams of picrolonic 
acid (0.9 molecule) were dissolved in 20 cc. of boiling water. The 
salt erystallized while the solution was still hot. The yield was 
3.2 grams. The crystals were long slender prisms. They melt 
at 216° with decomposition. 


pamtetunaips ~sattle 








ANnALYsIs: 0.200 gram substance; 13.40 cc. nitrogen at 22°, 760 mm. 















Calculated: Found: 
a i A a ee eh eee 3.96 3.78 









d-Alanine. 0.445 gram of d-alanine and 1.32 grams (1 molecule) 
of picrolonic acid were dissolved in 15 cc. of water. The sub- 
stance crystallized while the solution was still warm, forming 
long slender prisms. Yield, 1.3 grams. Analysis showed only 
3.10 per cent of amino nitrogen instead of the theoretical 3.96. 
The substance was pulverized and shaken up with ether. It now 
gave the following figures: 













Anatysis: 0.200 gram substance: 13.70 ec. N at 20°, 760 mm. 


Calculated: Found: 
I i a oe ae cee CARs 6b a es a Os 3.96 3.90 










The substance melts at 214° with decomposition. 
RoTaTION IN ALCOHOLIC SOLUTION: Substance, 0.0496 gram; solution, 
0.6141 gram; concentration, 8.07 per cent; specific gravity, 0.82; rotation 
in 0.56 dm. tube = + 0.41°. 







[a], = + 12.4° = 0.3° 


Abderhalden and Weil give 215° as the melting point, + 11.1° 
as the specific rotation. 

dl-Aspartic acid. 0.67 gram of aspartic acid and 1.32 grams P 
of picrolonic acid (1 molecule) were dissolved in 50 ec. of boiling | 
water. The solution was cooled in the ice box and allowed to 
stand over night for the crystallization to become complete. The 
crystals were long slender prisms with square ends. 
The substance blackens at 130°. 










AnaALysis: 0.100 gram substance; 6.10 cc. N at 20°, 764 mm. 






Caleulated: Found: 


SE 5 ANU di 9's Picts hg'5.d Haak a Ue EO eee ese 96 ons 0s 3.53 3.49 ‘ 
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dl-Glutaminic acid. 0.736 gram of glutaminic acid + 1.32 grams 
of picrolonic acid (1 molecule) were dissolved in 10 cc. of water. 
Crystallization began only after the solution had been cooled to 
room temperature and scratched. The first crystals came in 
tangled threads, the later ones formed in very fine short spindles 
or needles. Yield, 1.7 grams. The substance softens at 183° 
and decomposes at 184°. These points are sharply defined. 


ANALYsIs: 0.200 gram substance; 11.8 ce. nitrogen at 20°, 762 mm. 


Calculated: Found:: 
Rr ie a 6S div CdR eRe ae Boteee oa aes Oe 3.40 3.36 


d-Glutaminic acid. 0.74 gram of pure d-glutaminic acid and 
1.32 grams of picrolonic acid (1 molecule) were dissolved in about 
10 ec. of water. On cooling 0.7 gram of crystals separated. On 
analysis, however, they were found to contain about two mole- 
cules of picrolonic acid. They were shaken out with ether, and 
then gave more nearly correct figures on analysis (3.25 per cent 
NH.-N). The filtrate from this first crop was cooled to 0°, and 
a second crop separated, which proved to be fairly pure without 
ether treatment. The substance, like the inactive salt, softens 
at 183° and melts at 184°. The rotation was taken in water 
solution. 


Anatysis: 0.100 gram substance; 6.3 ce. N at 766 mm.; 21°. 


Calculated: Found: 
3.59 


Rotation: 0.0562 gram substance; solution, 2.683 grams; concentration, 
2.10 per cent; specific gravity 1.01; rotation in 0.5 dm. tube = + 0.09°. 


[a] = +8.5° 1° 


Glycocoll. 0.375 gram glycocoll and 1.32 grams picrolonic 
acid (1 molecule) were dissolved in 15 cc. of boiling water. The 
salt began to crystallize in rhomboid prisms of very characteristic 
appearance while the solution was still warm. It was allowed 
to stand over night and then yielded 1.56 grams of the salt. It 
melts sharply at 214 to 215° with decomposition. 


ANALYsIs: 0.200 gram substance; 15.8 cc. N at 20°, 762 mm. 


Calculated: Found: 
4.19 
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Abderhalden found that in alcoholic solution in the presence 
of an excess of glycocoll a picrolonate was obtained containing | 
two molecules of glycocoll to one of picrolonic acid. We repeated 
the experiment, using two molecules of glycocoll, but an aqueous 
solution. ‘The product was a normal salt identical with the above. 
0.75 gram of glycocoll and 1.32 gram of picrolonic acid were dis- 
solved in 15 ec. of boiling water and cooled. Crystallization be- 
gan while the solution was still warm, yielding the above described 
characteristic rhomboids. Yield, 1.54 grams. Melting point, 
214-215°. 










Ana.ysis: 0.200 gram substance; 15.3 cc. N at 22°, 750 mm. 













Calculated: Found: 
RETR Se Ce ee ae PNT. See ae Penge ee 4.12 4.13 









In calculating the nitrogen for both the above analyses the 
results are multiplied by the factor 0.93 in order to correct for 
the abnormal behavior of glycocoll with nitrous acid, which has 
been described in a previous paper by one of us.® 

d-Isoleucine. 0.35 gram isoleucine, of + 37.4° specific rotation 
in 20 per cent hydrochloric acid, and 0.66 gram of picrolonic acid 
(0.9 molecule) were dissolved in 15 cc. of boiling water. While 
the solution was still warm the salt began to separate as drops 
which changed quickly to crystals. The latter were long, slender, 
six-sided and grouped in stars. The substance has a rather in- 
definite melting point at 170°, without decomposition. 













AnaLysis: 0.100 gram substance; 6.40 cc. N at 23°, 760 mm. 







Calculated: Found: 
SA Soe ie cr chance Nees eewideed 3.54 3.59 








Rotation: 0.0672: gram substance; solution in alcohol, 1.039 gram; 
concentration, 6.47 per cent; specific gravity, 0.82; rotation in 0.5 dm. 
tube = + 0.87°. 






[a] = + 32.8° = 0.3° 






l-Leucine. 0.66 gram of l-leucine, of + 15.2° specific rotation 
in 20 per cent hydrochloric acid, was dissolved with 1.32 grams 
(1 molecule) of picrolonic acid in 15 cc. of boiling water. While 
the solution was still hot the salt began to settle out as an oil, 







° Van Slyke: This Journal, ix, p. 185, 191 1. 





134 Picrolonates of the Monoamino-Acids 


which crystallized at once when stirred with a rod. Yield, 1.7 
grams. The substance begins to soften at about 145° and melts 
completely at 150° with evolution of a few small gas bubbles. 


ANALYsiIs: 0.200 gram substance; 12.4 ec. N at 22°, 750 mm. 


Calculated: Found: 
PR Staats, bpies ok) vedas wieaae kcnareetiee 3.54 3.45 


Rotation: 0.0462 gram substance; solution in alcohol, 0.6390 gram; 
concentration, 7.23 per cent; specific gravity, 0.813; rotation in 0.5 dm. 
tube = + 0.58°. 

[a]> = + 19.6° = 0.3° 


The salt forms beautiful rhomboid crystals, markedly different 
from the long slender ones of isoleucine picrolonate. 

‘Natural’? Leucine. The leucine used was analytically pure, 
but of + 23° specific rotation in 20 per cent hydrochloric acid, 
and was a typical sample of the mixture of leucine and isoleucine 
usually obtained from hydrolyzed proteins. 0.6 gram of this 
leucine and 1.32 grams picrolonic acid were dissolved in 20 cc. 
of boiling water. While the solution was still warm the salt began 
to separate out in oil drops which quickly became crystalline 
when stirred. Under the microscope the long slender crystals 
of isoleucine picrolonate were seen mingled with the rhomboid 
ones of l-leucine picrolonate. The substance melts at about 
170° without marked decomposition. 


ANALYsIs: 0.2298 gram substance; 14.9 cc. N at 19°, 758 mm. 
0.1275 gram substance; 0.2280 gram CO,; 0.0623 gram H.O. 


Calculated: Found: 
48 .70 
5.35 
3.55 


dl-Leucine. 1.4 grams of leucine and 2.64 grams of picrolonic 
acid were dissolved in 30 cc. of boiling water. The salt separated 
as an oil while the solution was still warm, but crystallized quickly 
in six-sided prisms. The last crystals separating formed rosettes 
with spurs a centimeter long. The melting point is very indefi- 
nite, and dependent upon the manner in which the substance 
is heated. When plunged at once into a bath at 150° or higher 
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it decomposes instantly, but when heated from 130° upwards 
it slowly sinters and may not be decomposed until it reaches 188°. 






Ana.ysis: 0.200 gram substance; 12.20 ce. N at 20°, 760 mm. 















Calculated: Found: 


Ns Gk Sah bets wiley ends divs nwinse sen tupk sis 3.54 3.47 








l-Phenylalanine Picrolonate. One gram of phenylalanine, of 
rotation — 26.7° in water solution, was dissolved with 1.6 grams 
of picrolonic acid in boiling water. The salt crystallized while 
the water was still hot. Under the microscope two types of crys- 
tals could be seen, long slender rods clustered in stars, and short 
rectangular prisms separate or in small aggregates. When the 
substance was filtered it was seen to consist of an apparent mixture 
of yellow and orange crystals. The non-homogeneous appear- 
ance, however, was merely due to the presence of two types of 
crystals. The substance melted at 208° with decomposition, 
gave theoretical results for carbon and hydrogen on combustion, 
and the following figures for amino nitrogen. 











ANALYsIs: 0.2148 gram substance; 12.3 cc. N at 20°, 762 mm. 


Calculated: Found: ’ 


DN A £0 ot ay tn oko Ps rae Ado bogae whok Bae © Dab be 3.26 3.27 





Rotation: 0.0696 gram substance; solution in alcohol, 1.080 gram; 
concentration, 6.44 per cent; specific gravity, 0.818; rotation in 0.5 dm. 
tube = + 0.60°. 





[a], = + 22.8° + 0.3° 






In order to ascertain whether the picrolonate contained a pro- 
portion of the optically active phenylalanine different from that 
of the partially racemicized substance from which it was made, 
a portion of the picrolonate was freed from picrolonic acid and 
the pure phenylalanine regained as described in the introduction. 

It showed a specific rotation of —26.7°, and was therefore identi- 
cal with that used at the beginning. The rotation of optically 
pure l-phenylalanine being -35.3° this sample was evidently 25 
per cent racemic and 75 per cent active. Dividing the rotation 
of the picrolonate by 0.75 gives 30.1° as the specific rotation of 
the picrolonate of pure active /-phenylalanine. 
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dl-Phenylalanine. 0.83 gram of phenylalanine and 1.32 grams 
(1 molecule) of picrolonic acid were boiled with 40 cc. of water. 
The salt was so insoluble that complete solution could not be ob- 
tained, even in this volume of water. The product was, however, 
pure. The yield was practically quantitative, 2.04 grams. The 
substance decomposes quite sharply at 211 to 212°. Examined 
under the microscope it is seen to consist of only the short rect- 
angular type of prisms. 


ANALYysIs: 0.1000 gram substance; 5.80 cc. N at 20°, 764 mm. 


Calculated: Found: 
3.32 


dl-Serine. 0.26 gram of serine and 0.66 gram of picrolonic 
acid were dissolved in 5 to 10 cc. of water. The salt crystallized 
in long slender rods while the solution was still warm. It con- 
tained, however, an excess of picrolonic acid, as was shown by 
its low content (2.56 per cent) of amino nitrogen. A second pre- 
paration showed identical composition, 2.59 per cent amino nitro- 
gen. The melting point was indefinite at 130 to 140°. After 
the substance had been shaken out thoroughly with ether, it 
could be heated to 200° without change. Above 200° it began 
slowly to darken, and finally decomposed with foaming at 265°. 
It now gave the following figures: 


ANALYsIS: 0.1300 gram substance; 7.9 cc. N at 23°, 764 mm. 


Caleulated: Found: 
3.43 


Tyrosine. 0.91 gram of tyrosine and 1.32 grams of picrolonic 
acid (1 molecule) were dissolved in 40 cc. of boiling water. On 
cooling the salt crystallized at once in rods grouped together in 
rosettes. The substance blackens and sinters at 260° without 
melting or foaming. 


ANALYsIs: 0.200 gram substance; 10.70 cc. N at 22°, 760 mm. 
Calculated: Found: 
3.02 


d-Valine. 1.3 grams of valine and 2.64 grams of picrolonic 
acid (0.9 molecule) were dissolved in 10 cc. of boiling water. The 
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salt showed a tendency to separate as an oil, which, however, 
changed to crystals while the solution was still warm. Yield 

3.4 grams. The substance melts between 170° and 180°, with- 
out decomposition. The melting point is not sharply defined. : 








AnaLysIs: 0.200 gram substance; 12.95 cc. N at 23°, 760 mm. 










Calculated: Found: 
Da cued Coe OLS Ee aCe Canis oak ab cdcabs 3.63 








Rotation: 0.0471 gram substance; solution in alcohol, 0.834 gram; 
concentration, 5.62 per cent; specific gravity, 0.82; rotation in 0.5 dm. 
tube = + 0.54°. 





[a]5 = + 23.4° + 0.2° 






The free valine was regained from 0.5 gram of the picrolonate and its 
rotation determined: substance, 0.1166 gram; solution in 20 per cent hydro- 
chloric acid, 2.782 grams; concentration, 4.19 per cent; specific gravity, * 
1.10; rotation in 2 dm. tube = + 2.13°. 







[a] = + 23.1° + 0.1° 










The valine from which the picrolonate was made had been 
obtained froma protein hydrolysis and showed practically thesame 
rotation. Taking + 28.8° as a rotation of optically pure d-valine, 
the sample used is calculated to contain 19.8 per cent of racemic 
valine and 80.2 per cent of the active. Dividing the rotation ob- 
served for the picrolonate by 0.802 gives + 29.2° as the rotation 
of the picrolonate of the pure d-valine. 

dl-Valine. 0.60 gram of Kahlbaum’s valine and 1.32 grams 
of picrolonic acid (1 molecule) were dissolved in 15 ce. of boiling 
water. Crystallization began while the solution was still warm. 
Yield, 1.84 grams. The substance melts at once with vigorous 
decomposition if plunged into a bath of 150°; if heated from below 
130° upwards it gradually darkens and sinters, and may not decom- 
pose until it reaches 220°. 















ANALYsIs: 0.200 gram substance; 13.0 cc. N at 21°, 754 mm. 





Calculated: Found: 
TERRES BRR eae Re 5 © SUN ed Oa aa a ep 3.65 
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Solubility Determinations. 


For the determination of the solubility in water, 0.4 gram of 
picrolonate, finely ground, was shaken 4-5 hours with 15 cc. of 
water at room temperature, which varied between 20 and 23°. 
The solutions were filtered, and 10 ec. portions of the filtrate 
evaporated to dryness in weighed glass dishes. The results are 
given in Table 1. 

For the determination in alcohol the same technique was em- 
ployed, except that only 8 cc. of the solvent were used and only 
5 ec. evaporated. The following picrolonates are readily solu- 
ble in cold alcohol: those of d-alanine, d-isoleucine, /-leucine, 
dl-leucine, tyrosine, and /-phenylalanine. d-Valine and dl-valine 
dissolve readily when alcohol is warmed slightly. The following 
solubilities in absolute alcohol were determined quantitatively : 


TABLE 2. 


GRAMS SOLUBLE IN 100 cc. 


PICROLONATE OF 
ALCOHOL aT 20° To 23° 


0.81 
1.16 

| 2.88 
I coos ay Cin s wets iwer ah 3.86 
PIII a2 3 teh iG caltgahly No AS 5.71 


IN a5. oii cE HRS. He 


The l-phenylalanine used was that previously described, and 
contained 25 per cent of the racemic substance. Although the 
figures cannot, therefore, be regarded as strictly accurate, they 
show that the picrolonate of /-phenylalanine is several times more 
soluble in absolute alcohol than that of the dl-phenylalanine. 
By utilizing this difference in solubility /- and dl-phenylalanine 
can be partially separated. A mixture of three parts active and 
five parts inactive picrolonate was shaken with twenty parts 
of alcohol. Half of the substance was dissolved. Its rotation 
showed that it was 75 per cent active. The residue was abso- 
lutely inactive. 


Separation of Phenylalanine and Aspartic Acid. 


In 20 ce. of boiling water were dissolved 0.75 gram of pheny!- 
alanine (specific rotation —27°), 1.25 grams (1 molecule) picro- 
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lonie acid, and 0.7 gram of dl-aspartic acid. The solution was 
cooled and allowed to stand two hours for crystallization to be- 
come complete. The picrolonate was then filtered off and washed 
with cold water. It weighed 1.76 grams, equivalent to 0.678 gram 
of phenylalanine. Analysis showed it to be the pure phenyl- 
alanine picrolonate. 


Anatysis: 0.1354 gram substance; CO., 0.2645 gram; H.O, 0.0555 


Calculated: Found: 


af So aN eae ee 53.12 53.13 
4.46 4.63 


In a similar manner we were able to separate a mixture of glu- 
taminie acid and phenylalanine which we encountered in a hydro- 
lysis of hemoglobin that will shortly be the subject of another 
article. The use of picrolonic acid in the isolation of phenylalanine 
by the ester method decidedly improves the accuracy of the deter- 
mination. Because of the crystalline nature of the picrolonates 
and the insolubility of many of them, it is possible that with their 
assistance the number of amino-acids which can be obtained from 
hydrolyzed proteins without esterification may be increased. 
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The hypothesis that the nitrogenous digestion products are 
resynthesized into albuminous materials while passing through the 
mucous membrane of the intestine and therefore cannot be detected “i 
in the blood was originally advanced to explain the absence of % 
peptones in the blood during digestion. The subsequent discovery 
that protein digestion normally proceeds further than to the pep- 
tone stage and results in the formation of amino-acids suggested 
another explanation of the earlier negative results. Asthe attempts 
to find the amino-acids in the blood were no more successful than 
had been the earlier attempts to find the peptones, the hypothesis 
of the immediate resynthesis of the digestion products into albumin- 
ous substances was revived. Kutscher adopted it! and Abder- 
halden has become more and more positive that it represents the 
only adequate explanation of the negative results obtained by him 3 
and his coworkers in their search for peptones and amino-acids ‘ 
in the blood. Since the resyntlesis hypothesis is based on nega- 
tive findings alone it has no value after the presence in the blood 
of amino-acids absorbed from the intestine has been positively 
demonstrated. In our first paper? we showed that it is possible ¥ 
by means of our new analytical methods to trace urea, glycocoll 4 
and pancreatic amino-acid mixtures not only into the blood, but 
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1 Zeitschr. f. physiol. Chem., xxxiv, p. 529, 1902. 
? This Journal, xi, p. 87, 1912. 
* Ibid., xi, pp. 493-536, 1912. 
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also into the general tissues of the body. Moreover, the increases 
in the non-protein nitrogen of the blood and muscles which we 
have obtained in absorption experiments are large enough to 
account for practically all the nitrogenous material absorbed from 
the intestine. We do not claim to account exactly or quanti- 
tatively for all that has been absorbed. It is entirely possible 
that different tissues absorb different amounts from the blood, and 
we have therefore omitted all calculations tending to show that 
all the absorbed material is present in the animal in non-protein 
form. The results obtained indicate, however, that practically 
all the absorbed nitrogen can be accounted for, so that for the 
present at least the hypothesis of immediate protein synthesis in 
the walls of the intestine must be regarded as superfluousand 
untenable. 

The protein regeneration idea served only as an explanation of 
the failure to find the absorbed amino-acids; it was anything but an 
explanation of the formation of those amino-acids in the intestine ; 
it was inconsistent with the rapid urea elimination after protein 
feeding, and it necessarily presupposed that in chemical composi- 
tion the serum proteins are very variable, whereas, on the contrary, 
they appear to remain decidedly uniform in composition. 

As an explanation of the failure to find peptones or amino-acids 
in the blood when they should be there in unusual amounts, the 
immediate deaminization hypothesis therefore seemed more plausi- 
ble than the protein regeneration doctrine, and was usually accepted 
as a working hypothesis by those who could not accept the older 
theory of protein synthesis. 

The supposedly high ammonia content of the portal blood, and 
the results reported by Cohnheim‘ on the production of ammonia 
and volatile bases accompanying the disappearance of peptone 
and amino-acids from the digestive tract of fishes (when isolated 

and suspended in blood or salt solutions) pointed certainly in the 
direction of deaminization. The experiments of Jacobi®> and of 
Lang® on the deaminization of amino-acids by tissue ‘extracts 


4 Zeitschr. f. physiol. Chem., lix, p. 239, 1909; lxi, p. 181, 1909; Ixxvi, p. 
293, 1912. In his last paper Cohnheim reports only the finding of ammonia 
and no amino-acids. 

5 Zeitschr. f. physiol. Chem., xxx, p. 149, 1900. 

5 Hofmeister’s Beitrdge, v, p. 321, 1904. 
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seemed to furnish direct evidence of the presence of deaminizing 
ferments in the intestine and liver, and helped therefore mate- 
rially to strengthen the theory of immediate deaminization as the 
characteristic feature of intermediary protein catabolism. Folin’s 
theory of protein metabolism is based on the same conception. 
Folin did not commit himself to the localization of the deamini- 
zation process in the intestine and liver, though he believed that 
those organs were chiefly responsible for the ammonia and urea 
formations. 

The immediate deaminization theory failed of course to explain 
why the non-protein nitrogen did not increase in the blood during 
active absorption. The adherents of that theory had to content 
themselves with the ‘‘calculations’”’ of Bergmann and Langstein’ 
and others that the speed of the blood was so great as to remove 
the urea practically as fast as it was formed. In such an appli- 
cation of these calculations it is tacitly assumed that the excretory 
capacity of the k dneys is quite as efficient as the absorptive 
capacity of the intestine, for if such were not the case, the volume 
and speed of the blood stream in the mesenteric and portal circu- 
lation could not prevent a temporary accumulation of the absorbed 
digestion products in the blood. 

The results reported in our first paper indicated that the deami- 
nizing power ascribed to the intestine and liver is by no means 
adequate to prevent the accumulation of amino-acids in the blood; 
and in our second paper® we showed that no specialized deamini- 
zation process is located in the intestine, and that the ammonia in 
the portal blood is very small in amount and represents the absorp- 
tion of ammonia produced in the intestinal lumen, chiefly by 
putrefactive bacteria. 

The results reported in our first two papers are surprising in so 
far as they failed to reveal any urea formation at all except when 
ammonia was present in the material used for absorption. This 
result might be regarded as inconsistent with the fact shown by 
ordinary feeding experiments that the’ urea elimination is rapidly 
increased when protein or amino-acids are fed to men or to animals. 
The inconsistency is, however, more apparent than real. The 
“rapid urea elimination” after the intake of nitrogenous food is 

7 Hofmeister’s Beitrdge, vi, p. 27, 1904. 
> This Journal, xi, p. 161, 1912. 
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measured by hours, whereas in our absorption experiments we 
were dealing with minutes, and did not carry the experiments 
beyond one hour. The negative results obtained for the urea dur- 
ing the first stages of absorption prove that the urea formation 
is not localized in the intestine and liver for the purpose of 
holding back all amino-acids which are not needed for the rebuild- 
ing of body tissues, because if such were the case the increase in 
the urea contents of the blood should begin practically at once, 
and should be much greater than the accumulation of amino-acid 
nitrogen. On the other hand, unless we could show that the urea 
formation does take place later there would remain a discrepancy 
between our findings and the facts established by ordinary feeding 
experiments. In this paper we wish to report results which seem 
to clear up in a measure the formation of urea from amino-acids. 

Before taking up the consideration of experiments specifically 
planned to throw light on the urea formation we wish to record a 
few additional absorption experiments with substances which are 
not adapted for the study of the urea production. 


For the sake of brevity we wish to state here certain details which repre- 
sent the procedure followed in all the experiments recorded in this paper 
unless otherwise described. (1) For anesthetics we have used ether alone, 
or ether together with a subcutaneous injection of morphine sulphate, or 
ether with chloretone (the latter injected, together with the substance inves- 
tigated, into the intestine). After the first few minutes the ether was admin- 
istered by means of a tracheal cannula. (2) As soon as the animals were 
unconscious we laid bare the common carotids to have them ready when 
wanted and inserted a tracheal cannula in the usual manner. (3) The first 
sample of blood was then taken from one of the femoral arteries by means 
of a 2 or 5 cc. pipette, as described in this journal,® the gracilis muscle of 
the opened leg was dissected out, and 5 grams of it was immediately cut 
fine with scissors and immersed in pure methyl alcohol. (4) The abdomen 
of the animal was then opened and ligatures applied to the small intestine, 
one just below the stomach, the other just above the caecum. (6) Unless 
otherwise stated the kidneys were not ligatured or disturbed. (6) The 
substance under investigation, dissolved in from 50 to 100 grams of water, 
was then injected into the small intestine by means of a large syringe and 
a hypodermic needle and the abdomen promptly closed by means of artery 
clips. (7) The animal was kept warm by means of an electric stove below 
the holding frame. (8) The alcoholic blood and tissue extracts were pre- 
pared as described.!° (9) The analytical results are calculated in terms of 


* This Journal, xi, p. 527, 1912. 
10 Tbid., xi, p. 528, 1912. 
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milligrams of nitrogen per 100 grams of blood or tissue. (10) The difference 
between the amount of nitrogen obtained by washing out the intestine at 
the end of the experiment and the amount of nitrogen contained in the 
injected product is given as the amount of substance absorbed. A small 
error may be involved in this procedure, but in order to keep the animals 
as normal as possible we did not want to wash out the intestine before 
beginning the experiment. We have washed out the intestine at the begin- 
ning and have found only a few (30 to 40) milligrams of nitrogen, so the error 
is certainly of very little significance. (11) Unless otherwise stated, no 
account has been taken of the absorption of water from the intestine or of 
urine elimination. In nearly all of our experiments there was practically 
no elimination of urine as the bladder remained collapsed, also there was very 
little water absorption, for the intestine remained full. 


ABSORPTION OF ASPARAGINE. 


EXPERIMENT 1. Cat 41 (weight, 3163 grams). Last feeding, 
twenty-four hours before the operation. Anesthetic, ether and 
morphine. After ligaturing the blood supply of both kidneys 10 
grams of Kahlbaum’s asparagine dissolved in about 100 cc. of 
water were injected into the ligatured intestine. Asparagine is not 
very soluble and the absorption was allowed to continue for two 
hours. The following analytical results were obtained. 


Milligrams. 

Asparagine nitrogen injected........................ 2154 
Asparagine nitrogen absorbed. . ARE eee GRR 
I. Non-protein nitrogen, control blood. . iogcecduiee 43 

II. Non-protein nitrogen, jugular vein, Gwenty-tue min- 
ES ESET ae Se Pe Pe 49 

III. Non-protein nitrogen, portal vein, twenty-four min- 
utes after the injection........................... 69 

IV. Non-protein nitrogen, carotid artery, forty-seven 
minutes after the injection....................... 52 

V. Non-protein nitrogen, carotid artery, one hundred 
and twenty minutes after the injection........... 62 

VI. Non-protein nitrogen, portal vein, one hundred and 
twenty-three minutes after the injection........... 70 

VIL. Non-protein nitrogen, mesenteric vein, one hundred 
and twenty-nine minutes.after the injection...... 83 

VIII. Non-protein nitrogen, inferior vena cava, one hundred * 

and thirty-two minutes after the injection........ 62 


Non-protein nitrogen in muscle before the injection 200 
Non-protein nitrogen in muscle one hundred and 
thirty-seven minutes after the injection.......... 
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In the case of asparagine injections it is useless to make ures 
determinations because the imide group is not sufficiently stable 
to resist the treatment employed for decomposing urea. 

The figures recorded in the above experiments are not entirely 
satisfactory. There is an unmistakable increase in the non-protein 
nitrogen of the blood and in the muscle extract. Quantitatively 
the figures are perhaps rather smaller than they should be on the 
basis of the asparagine absorption. The explanationof thenitrogen — 
deficit is the fact that asparagine is precipitated together with the 
albuminous materials by the methy] alcohol used as a precipitant. 
The same difficulty is met with even with such a soluble product 
as urea, unless the precipitated protein materials are washed wit! 
alcohol. 

The loss of non-protein nitrogen involved is shown in the experi- 
ment recorded below. 

EXPERIMENT 2. To slaughter-house blood containing 30 mgm. 
of non-protein nitrogen per 100 cc. was added (1) urea, (2) glyco- 
coll, (3) asparagine, in the proportion of (a) 100, (b) 50 mgm. of 
nitrogen per 100 cc. of blood. After precipitating the blood in 
the usual manner (but without washing the coagulum) with nine 
volumes of pure methyl alcohol and a little zine chloride, the fol- 
lowing figures were obtained from the filtrates: 


RECOVERED 


mg. mg. 
1 a Urea nitrogen 82 
1 b Urea nitrogen 50 36 
2 a Glycocoll nitrogen 100 82 
2 b Glycocoll nitrogen 50 36 
3 a Asparagine nitrogen......................... 100 44 
3b 


Asparagine nitrogen.........................| 50 36 


By varying the analytical procedure to the extent of washing 
the precipitated albuminous material with fresh portions of methy! 
alcohel the urea and glycocoll added to the blood can be recovered 
almost quantitatively, but with asparagine as with creatine or 
creatinine the loss remains large. Thus when adding 100 mgm. of 
asparagine nitrogen we recovered only 33, and when adding 50 
we recovered 21. 
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In all cases, but particularly in the case of asparagine, the values 
obtained for the non-protein nitrogen of the blood must therefore 
be regarded as minimum values so far as the increase due to the 
absorbed substance is concerned. 







ABSORPTION OF TYROSINE. 





In view of the insolubility and low nitrogen content of tyrosine 
it seemed practically hopeless to try to trace its transportation 
from the digestive tract to the blood and tissues by means of nitro- ) 
gen determinations. The negative results which have heretofore i 
been obtained by means of Millon’s reagent" also indicate that i 
tyrosine is absorbed very slowly indeed. Millon’s reaction is how- 
ever not a particularly delicate one for the detection of tyrosine. 
One part in 10,000 seems to be about the limit for an unmistakable 
test on the basis of that reaction. Afar more delicate color reaction 
for tyrosine is one recently discovered by Folin and Macallum on 
the basis of a certain phosphotungstic phosphomolybdic compound, 
the exact composition of which we do not know, but the practical 














preparation of which is described elsewhere.” By means of this é 
reagent we obtain an unmistakable blue color with solutions con- + 
taining 1 part of tyrosine in 1 million parts of water. Here we i: 
had, therefore, a method by means of which it should be an easy 4 
matter to trace tyrosine in the body. : e 
EXPERIMENT 3. Cat 48 (weight, 2530 grams). Last feeding, 4 r 






twenty-four hours before the operation. Anesthetic, ether and 
morphine. Two grams of tyrosine dissolved in about 125 cc. of 
warm | per cent sodium carbonate solution was used for the injec- 
tion. More tyrosine could not be used for want of a suitable 
solvent. The usual nitrogen determinations were made on the 
blood and on muscle extracts only to determine whether any 
increase in the non-protein nitrogen occurs in the absence of active 
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absorption. . * 
' Milligrams 
I. Non-protein nitrogen in control blood.............. 39 * 
I hai oo nee ont 5 5. dis ne ene eheesmecne 20 t 
II. Non-protein nitrogen, carotid artery, eighty-four : 
minutes after the injection....................... 40 ' 
MUN 5.4 hitb this Oks ww AWA e 5 ba > o> dcin'ou'y’s 20 











H. C. Bradley: This Journal, xi, p. 10, 1912. 
12 See the next number of this Journal. i 
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Milligrams. 
Non-protein nitrogen, carotid artery, one hundred and 
eighty minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, portal vein, one hundred and 
eighty-three minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, mesenteric. vein, one hundred 
and eighty-six minutes after the injection 
Urea nitrogen 
Non-protein nitrogen in muscle before the injection... 180 
Urea nitrogen 
Non-protein nitrogen in muscle one hundred and ninety 
minutes after the injection 
Urea nitrogen 


For the colorimetric test for tyrosine we evaporated 20 cc. of 
the alcoholic filtrates in the usual manner, and added first about 
1 cc. of the phosphotungstic-molybdenum reagent, 2 or 3 ec. of 
water, and then solid sodium carbonate in excess (as much as would 
dissolve). The control extracts of blood and muscle gave an 
extremely faint reaction, while all the other tests both in the blood 
and in the second muscle extract were so strong as to unmistak- 
ably prove the presence of the tyrosine. It seemed hardly worth 
while to make the test quantitative because of the small amounts 
involved, but the reaction is decided enough to be available for 
quantitative purposes. 


ABSORPTION OF CREATININE. 


Creatinine like asparagine adheres so tenaciously to the albumi- 
nous precipitate produced on adding alcohol to blood that all of 
it cannot be recovered. The absorption and general distribution 
of creatinine is however easily demonstrated by means of the non- 
protein nitrogen determinations. The colorimetric estimation of 
creatinine in the alcoholic blood and tissue extracts proved at first 
rather puzzling. Although our nitrogen determinations showed 
that our extracts contained enough of the absorbed creatinine to 
make a colorimetric determination feasible, we failed to get even a 
sure qualitative test with the alkaline picrate reagent. The nega- 
tive results could have been due to the transformation of creatinine 
into creatine, although this seemed unlikely from what we know 
concerning the metabolism of these two products. Boiling the 
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extracts with hydrochloric acid or heating the dry residues failed 
however to yield the creatinine reaction. The true explanation 
was found on adding creatinine directly to alcoholic blood extracts. 
The negative results obtained are due to the presence in such extracts 
of some inhibiting substance. Fortunately that substance is solu- 
ble in ether and in chloroform. The fact that muscle and blood 
contain substances which interfere with the colorimetric determina- 
tion of creatinine doubtless invalidates at least some of the creatine 
and creatinine determinations recorded in the literature. The 
creatinine determinations of Noel Paton™ in goose flesh, for exam- 
ple, were made under conditions which precluded his finding any 
creatinine which might have been present in his muscle extracts. 
To test for creatinine or to determine it we have therefore worked 
out the following procedure: To the alcoholic blood or tissue 
extract in an evaporating dish add 0.1 or 0.2 gram of picric acid 
(in methyl alcohol solution) and evaporate to dryness. Wash the 
residue several times with chloroform saturated with picric acid 
and, finally, once with pure chloroform. Then add alittle water 
and alkali in the usual manner and make up to a suitable volume 
(usually 25 or 50 ee.). 
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As astandard for such creatinine determinations pure creatinine solutions i 
are rather more satisfactory than the half-normal potassium bichromate 3 
solutions originally recommended by Folin. Creatinine keeps indefinitely . + 
in tenth-normal hydrochloric acid solutions, and since creatinine can now he i 
easily be prepared in pure condition, the chief reason for using the bichro- ie 
mate as a standard no longer holds. One gram of creatinine dissolved . 
in a liter of tenth-normal acid can be used for several hundred determina 4 





tions by taking 1 ec. and making the reaction in a 50 ec. volumetric flask. 





EXPERIMENT 4. Cat 42 (weight, 2353 grams). Three days after 
the last feeding the animal was anesthetized (ether and morphine), 
the right kidney was removed, the ureter of the left kidney was 
ligatured, and 6 grams of creatinine together with about 100 of 
water were introduced into the ligatured intestine. 









Milligrams. , 

Creatinine nitrogen injected........................ 2172 
Creatinine nitrogen absorbed in eighty minutes.... 822 i 

I. Non-protein nitrogen in control blood .............. 31 } 





I Bi cies oh iss hin are's 5.40 eneeede Ke 






‘8 Journ. of Physiol., xxxix, p. 488, 1910. 
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Milligrams 
Non-protein nitrogen, carotid artery, nine minutes 
after the injection 
Urea nitrogen 
Non-protein nitrogen, portal vein, fourteen minutes 
after the injection 79 
Urea nitrogen 18 
Non-protein nitrogen, portal vein, fifty-one minutes 
after the injection 91 
Urea nitrogen 17 
Non-protein nitrogen, carotid artery, fifty-four min- 
utes after the injection 78 
Urea nitrogen 17 
Non-protein, mesenteric vein, sixty-seven minutes 
after the injection 104 
Urea nitrogen 17 
Non-protein nitrogen, carotid artery, eighty minutes 
after the injection 91 
Urea nitrogen 18 
Non-protein nitrogen in muscle before the injection. 216 
Urea nitrogen 26 
Non-protein nitrogen in muscle eighty minutes after 
the injection 250 
Urea nitrogen 26 
_ Non-protein nitrogen in kidney before the injection. . 
Urea nitrogen 
Non-protein nitrogen in kidney eighty minutes after 
the injection 
Urea nitrogen 


The colorimetric creatinine determinations shattered in this 
experiment for reasons which we have already described. We 
had kept some of the samples of blood, however, and later made 
colorimetric determinations on blood samples IV, V, and VI. 
The colorimetric values obtained gave us 51, 44 and 70 mgm., 
respectively, per 100 cc. of blood for the creatinine nitrogen. The 
corresponding direct nitrogen determinations, after subtracting the 
normal value 31, are 65, 47 and 73. 

EXPERIMENT 5. Cat 44 (weight, 2743 grams). For two weeks 
prior to the experiment this animal had been kept on a low nitrogen 
diet consisting of rice (25 grams) and cream (50 cc., 15 per cent 
fat). For anesthetic we used ether and morphine. Before inject- 
ing the creatinine solution the bladder was emptied by means of 
a syringe. 
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Milligrams. 









Creatmmine nitrogen injected................... 2172 

Creatinine nitrogen absorbed in one hundred and 
twenty-three minutes........................ 922 

I. Non-protein nitrogen in control blood.......... 30 
Ws I Es SG ak. OS. A 20 : 
II. Non-protein nitrogen, portal vein, one hundred ; 

and twenty minutes after the injection....... 45 1 
Cn wind wal pith 21 | 






Creatinine nitrogen, colorimetric determina- 






ee 


Non-protein nitrogen, mesenteric vein, one hun- 
dred and twenty-three minutes after the 
Ns had isk adits F< + eadidlin Wan 6d Eales 56 ut 

a 21 a 

Creatinine nitrogen, colorimetric determina- 
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Non-protein nitrogen, iliac vein, one hundred 
and twenty-five minutes after the injection... 42 
NG 4.553 gk tn cho ditechs Chased s 21 (22) ; 

Creatinine nitrogen, colorimetric determina- 








Non-protein nitrogen, iliac artery, one hundred 
and twenty-seven minutes after the injection... 45 
Creatinine nitrogen, colorimetric determina- 
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Creatinine nitrogen, colorimetric test....... trace 
Non-protein nitrogen in muscle one hundred and i! 
twenty-seven minutes after the injection... 180 
a wae 0% 16 bs, 






Creatinine nitrogen, colorimetric determina- 
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The most striking difference in the results recorded in Experi- 
ments 4 and 5 is the different distribution of the absorbed creat- 
inine. In the former there is a greater accumulation in the blood, 
and in the latter the muscles have taken up a greater proportion. 
It is not possible at’the present time to definitely explain this 
variation. The two experiments are not strictly similar. The 
absorption periods are longer in Experiment 5, and it is quite 
likely that the speed of the absorption diminishes as the absorbed 
product accumulates in the blood, and that the muscles therefore 
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absorb a larger proportion. Further, Cat 42 had been fed on a 
protein-rich diet preliminary to the fasting, while Cat 44 (Experi- 
ment 5) had been kept on a low nitrogen diet which, especially 
in a naturally high protein animal like the cat, might leave the 
muscles unusually low in non-protein nitrogen and thereby lead 
to a greater avidity for the absorbed products. The non-protein 
nitrogen per 100 grams of control muscle in Cat 42 is 214 mgm.., 
as against only 130 mgm. in Cat 44. In Cat 42 the elimination 
of urine had been prevented, but this has little to do with the 
result, for in the bladder of Cat 44 we obtained only a small quan- 
tity of urine secreted during the experiment and it contained only 
a few milligrams of creatinine. During the last few years numerous 
interesting and suggestive papers have appeared on creatine and 
creatinine, on the transformation of the one into the other, and 
vice versa, as well as on their complete destruction within the body. 
The results of our absorption experiments seem to throw some new 
light from a different angle on the problems thus raised. The 
hypothetical transformation of creatinine into creatine in the mus- 
cles, as suggested by Mellanby,“ or by means of ferments, as 
claimed by Gottlieb and Stangassinger,” isnot founded on convinc- 
ing experiments and is certainly not supported by the determina- 
tions recorded above. Considering the nature of our experiments 
and the somewhat preliminary character of the analytical tech- 
nique, the colorimetric values obtained for the creatinine in the 
blood as well as in the muscle correspond surprisingly well with the 
tetal increase in the non-protein nitrogen. 

To make this point clear we have inserted in brackets opposite 
the creatinine nitrogen figures the corresponding figures derived 
from the total non-protein nitrogen determinations. 

According to the experiments of Gottlieb and Stangassinger the 
tissues of the animal body contain not only ferments capable of 
transforming creatinine into creatine but also ferments capable of 
decomposing creatine and creatinine. The figures which we have 
obtained for the urea in the above experiments are however entirely 
negative so far as the “destruction” of creatinine is concerned. 
And since our results were obtained from experiments with living 
animals we are inclined to insist that the results obtained by Gott- 


4 Journ. of Physiol., xli, p. 447, 1908. 
18 Zeitschr. f. physiol. Chem., lii, p. 1, 1908; lvii, p. 131, 1908. 
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lieb and Stangassinger in their autolysis and perfusion experiments 
have no bearing on the processes of animal metabolism. More- 
over, the analytical results of Gottlieb and Stangassinger are more 
or less open to suspicion in view of the circumstance that they did 
not discover and did not take into account the fact that blood and ; 
tissues contain substances which interfere with the colorimetric 
creatinine determinations. Their conclusion that the figures they 
obtained represented maximum values because of other substances 
giving the same reaction is certainly untenable. To be sure Van 
Hoogenhuyze and Verploegh have verified their results'* but Mel- 
lanby on the other hand was unable to do so. At all events our ‘| 
results lend no support to the theory that the animal body contains ut 
special ferments for the destruction of creatinine. % 
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ABSORPTION OF CREATINE. 





In the study of the creatine we have made use of the following 
method: 










To 10 to 20 ec. of the alcoholic blood or tissue extract contained in a ‘ 
large test tube is added 0.1 to 0.2 gram of picric acid dissolved in methyl , 
alcohol and the mixture evaporated to dryness in a boiling water bath. The ; 2 






addition of a few strands of shredded asbestos prevents bumping and facili- 
tates the subsequent solution. When all alcohol has been driven off the 
tubes are stoppered with tin foil and heated in an autoclave at 130° to 135° 
for 30 minutes. When cool the creatinine picrate is washed with chloro- 
form, ete., as described above under the determination of creatinine. “a 












EXPERIMENT 6. Cat 43 (weight, 2300 grams). Anesthetic, ether ‘ 
and morphine. For twelve days previous to the experiment this ; 
animal had been kept on the low nitrogen rice and cream diet if 
described above. The right kidney was taken out before the a 
injection of 5.7 grams creatine dissolved in about 100 cc. of water. 4 







Milligrams. 

















Creatine nitrogen injected.......................... 1595 
Creatine nitrogen absorbed in forty-four minutes ... 387 é 
I. Non-protein nitrogen in control blotbd.............. 31 i 
I ie ss aa a 5s Cw Lad tes ccn ns 20 
II. Non-protein nitrogen, portal vein, fourteen minutes 
i, ca cn adeptepecctecses 35 
Nn ewadaanne s 20 j 
'6 Zeitschr. f. physiol. Chem., lvii, p. 206, 1908. 
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Milligrams. 

Non-protein nitrogen, carotid artery, fourteen min- 

utes after the injection 

Urea nitrogen 

Creatine 
Non-protein nitrogen, portal vein, thirty-four minutes 

after the injection 

Urea nitrogen 

Creatine nitrogen, colorimetric determination... . 
Non-protein nitrogen, portal vein, ninety-five minutes 

after the injection 

Urea nitrogen 
Non-protein nitrogen, mesenteric vein, ninety-six 

minutes after the injection 

Creatine nitrogen, colorimetric determination... . 
Non-protein nitrogen, carotid artery, one hundred and 

two minutes after the injection 

Urea nitrogen 

Creatine nitrogen, colorimetric determination... . 
Non-protein nitrogen, mesenteric vein, one hundred 

and four minutes after the injection 

Creatine nitrogen, colorimetric determination. ... 
Non-protein nitrogen in muscle before the injection. . 

Urea nitrogen 

Creatine nitrogen, colorimetric determination... . 
Non-protein nitrogen in muscle one hundred and four 

minutes after the injection 

Urea nitrogen 

Creatine nitrogen, colorimetric determination. ... 
Non-protein nitrogen in right kidney before the 

injection 

Creatine 
Non-protein nitrogen in left kidney one hundred and 

four minutes after the injection 

Creatine nitrogen, colorimetric determination... .. 


EXPERIMENT 7. Cat 50 (weight, 2293 grams). Anesthetic, ether 
and morphine. This cat had been fed 150 grams of eggs daily 
for 3 days before the beginning of theexperiment but received no 
food during the last twenty-six hours. The results of the preceding 
experiment showed that it is useless to introduce very much creatine 
because’ it precipitates in the intestines. In this case we used 
therefore only 3.6 grams dissolved in about 75 cc. of water. The 
kidneys were left undisturbed, but the bladder was emptied before 
the injection. | 
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Creatine nitrogen injected.......................... 
Creatine nitrogen absorbed in one hundred and twenty- 


NG Cheek. Ci oe Sob eceesbee sd. SUCRE AE. 500 
I. Non-protein nitrogen in control blood.............. 67 
ik dang at caviiry ces ss peer mdentees 37 

II. Non-protein nitrogen, jugular vein, forty-five minutes 

ah aca cass ss vend sgecnses ts 70° 

too Cie cous vecheateesmaees ss 36 
Creatine nitrogen, colorimetric determination. .... 15 

III. Non-protein nitrogen, carotid artery, one hundred 
and twenty minutes after the injection............ 84 
SN i i i wine ceilik male tute wad pn 36 
Creatine nitrogen, colorimetric determination. .... 19 

IV. Non-protein nitrogen, carotid artery, one hundred 
and eighty minutes after the injection........ ia.0> oe 
Se ais 3G Se eR i a es 36 
Creatine nitrogen, colorimetric determination... .. 25 

V. Non-protein nitrogen, iliac vein, one hundred and 
eighty-three minutes after the injection........... 94 
Cas cov o ones Sek foe 28. avon vee See 36 
VI. Non-protein nitrogen, hepatic vein, one hundred and 
eighty-nine minutes after the injection............ 94 
I hh cacti wah nid ame ose Ke vcs Hike 38 
Creatine nitrogen, colorimetric determination..... 25 
Non-protein nitrogen in muscle before the injection.. 232 
Se sedate ie wens oh aas sa ess Geddes 25 

Non-protein nitrogen in muscle one hundred and 
eighty-nine minutes after the injection............ 270 
MUI fo 5 is Keine pandas cow gee douche easy 25 


In the last experiment we obtained for the first time a marked absorption 
of water from the intestine and also a considerable elimination of urine. 
The urine (30 cc.) contained so much creatine that about an hour after we 
had drawn it, the creatine began to crystallize out. To prevent the crys- 
tallization we added 3 drops of concentrated hydrochloric acid and immedi- 
ately determined the preformed creatinine. The analytical figures (in 
grams per 100 ce.) obtained on the urine are as follows: Total nitrogen, 1.7; 
urea nitrogen, 0.27; creatinine nitrogen, 0.02; creatine nitrogen, 0.66. 
This urine also contained 2.65 per cent of sugar. The cat, not a very tame 
one, got away from us and hid behind the laboratory desks for almost an 
hour before he was again captured. Notwithstanding the unconsciousness 
of the animal the ‘“‘emotional glycosuria,’’ described by Cannon,"’ evidently 
persisted till the end of the experiment. 





17 Amer. Journ. of Physiol., xxix, p. 280, 1911. 
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With reference to the question of decomposition and urea forma- 
tion the figures recorded above indicate that none of the absorbed 
creatine has been converted into urea. . The absence of demon- 
strable decomposition and urea formation is thus in harmony with 
the ‘‘disappearance”’ of creatine reported by Folin'® on the basis 
of feeding experiments with the same substance. Folin’s experi- 
mental results were more or less identical with those obtained by 
Klercker and they have since been verified by Van Hoogenhuyze 
and Verploegh"’ and others. Folin’s interpretation with reference 
to the disappearance of the creatine nitrogen has as yet been 
neither verified nor disproved, though it has met with considerable 
skepticism. Van Hoogenhuyze’and Verploegh, and Pekelharing’° 
as well as Towlesand Voegtlin*‘all take for granted that a large part 
of the creatine which gets into the circulation must be destroyed. 
The point of view is a perfectly legitimate one as an explanation 
of the fact that only a very small fraction of injected creatine 
can be traced to the urine as creatine, and still less, if any, as creat- 
inine. Experimental proof that the nitrogen of injected creatine 
is eliminated as urea is, however, still conspicuously absent. This 
is all the more remarkable in view of the chemically unstable char- 
acter of creatine as compared with the typical urea-formers, the 
amino-acids. So far as any special destructive or transforming 
power of the liver is concerned, whether it be of creatine into 
creatinine or into urea, or of creatinine into creatine or urea, we 
have failed to find any evidence of it. The blood which contained 
large quantities of creatine and which must have passed through 
the liver a great many times gave no stronger creatinine reaction 
than did the control blood. In this respect our results are there- 
fore in harmony with the recent observations by Towles and 
Voegtlin® on feeding creatine and creatinine to dogs with an Eck’s 
fistula. 

THE FORMATION OF UREA. 


In discussing the experimental results obtained with creatine and 
creatinine we have used the absence of a demonstrable urea for- 


18 Hammarsten’s Festschrift, 1906. 

19 Loc. cit. 

20 Zeitschr. f. physiol. Chem., \xxv, p. 214, 1911. 
21 This Journal, x, p. 496, 1912. 

22 Loc. cit. 
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mation as an argument against the hypothesis that these two prod- 
ucts are extensively destroyed in the body. In doing so we have 
foreshadowed the point which we propose to prove in this section, 
namely, the formation of urea from amino-acids under the condi- 
tion of our absorption experiments. 

In our earlier work we were particularly bent on showing and 
emphasizing the fact and the speed of the absorption of amino-acids, 
and consequently made experiments of comparatively short dura- 
tion. The result was a rapid absorption unaccompanied by any 
unmistakable urea formation. The experiments which we now 
wish to report were planned specifically for the purpose of showing 
the formation of urea from the absorbed products, hence we have 
as a rule drawn no blood during the first half hour after the injec- 
tion, and have continued the experiments longer than in our earlier 
work—from two to four hours. 


















AND UREA FORMATION. 





ALANINE ABSORPTION 








EXPERIMENT 8. Cat 46 (weight, 2030 grams). In the early 
stages of pregnancy. Last feeding (meat) twenty-four hours 
before the operation. Anesthetic, ether and morphine. 
















Alanine nitrogen injected (in 70 grams of water)... .. 
Alanine nitrogen absorbed in one hundred and sixty- 


















BSE ing 8 a ae 600 
I. Non-protein nitrogen, control blood...... feedgdal os. 41 
MNS 5. dia iar i Si be ik Sev ies inden edine ss. 25 
II. Non-protein nitrogen, carotid artery, sixty-two min- 
wtes alter Ghee GUSOOtEOR. oa 5 ko Foe eee chee c cs 49 
a ris 55 b8 ws 6 6h ewe dn BEG Ohi none » 26 
III. Non-protein nitrogen, carotid artery, one hundred 4 
and thirty-two minutes after the injection........ 56 's 
Se ik ids pwevscconsketdeebeibGhewscces 36 
IV. Non-protein nitrogen, portal vein, one hundred and 
sixty-eight minutes after the injection............ 70 
Ie oo Dio. CR tL RRR 4 05 38 
Non-protein nitrogen in muscle before the injection.. 194 
Se ee ie ies aigacd 845 os 6 ASUS. vo ves 26 
Non-protein nitrogen in muscle one hundred and 
eighty minutes after the injection................ 232 
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EXPERIMENT 9. Cat 53 (weight, 1193 grams). Young ani- 
mal fed on rice and cream (eight days). 
Milligrams. 
Alanine nitrogen injected (in 35 grams of water).... 500 
Alanine nitrogen absorbed in one hundred and eighty- 
two minutes 
Non-protein nitrogen, control blood 
Urea nitrogen 
Non-protein nitrogen, carotid artery, seventy-four 
minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, carotid artery, one hundred 
and eighty minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, hepatic vein, one hundred and 
eighty-two minutes after the injection 
Urea nitrogen 
Non-protein nitrogen in muscle** before the injection 
Urea nitrogen 
Non-protein nitrogen in muscle** one hundred and 
eighty-two minutes after the injection 
Urea nitrogen 


GLYCOCOLL ABSORPTION AND UREA FORMATION. 


EXPERIMENT 10. Cat 47 (weight, 2293 grams). Fed on meat 
for eight days. Last feeding, twenty-eight hours before the opera- 
tion. Anesthetic, ether and chloretone. 

Milligrams. 
Glycocoll nitrogen injected (in 100 grams of water).. 1867 
Glycocoll nitrogen absorbed in two hundred and thirty 
minutes 
Non-protein nitrogen, control blood 
Urea nitrogen 
Non-protein nitrogen, carotid artery, one hundred 
and twenty minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, carotid artery, one hundred 
~ and eighty minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, portal vein, two hundred and 
twenty-two minutes after the injection 
Urea nitrogen 





23 Only 2.5 grams muscle (gracilis) taken for analysis. 
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Milligrams. 
VY. Non-protein nitrogen, iliac artery, two hundred and 
thirty minutes after the injection................. 124 
Sn We Jc oan cuted tks seeds sade ro 6 60 
Non-protéin nitrogen in muscle before the injection.. 248 
TT SEE REET ETT EE AEE SLE ty 42 
Non-protein nitrogen in muscle two hundred and 
forty minutes after the injection................. 304 


Ue MUI 33's bu Ge eed Cae b a ha Sees scene 


EXPERIMENT 11. Cat 52 (weight, 1043 grams). This was a 
very young animal and had been fed on rice and cream for seven 
days, last feeding being twenty-four hours before operation. 
Anesthetic, ether and morphine. 


Milligrams. 
Glycocoll nitrogen injected (in 30 grams of water).... 558 
Glycocoll nitrogen absorbed in one hundred and 
EE, I SS, ee awa kee e de bs cance’ 158 
I. Non-protein nitrogen, control blood................ 29 
a Cho. ch cpt sand Soesgy 40408 16 
II. Non-protein nitrogen, carotid artery, sixty minutes 
an. Grek bo date at a eee ae ah eas ace 42 
Urea nitrogen............... PaeReTe Riche HOE Dae ous 24 
III. Non-protein nitrogen, carotid artery, one hundred 
and twenty minutes after the injection........... 56 
ie canta eb. & 40 tere aecs 30 
Non-protein nitrogen in muscle * before the injection 200 
Urea nitrogen.............. Sains «niece ce vee anes << 24 
Non-protein nitrogen in muscle** one hundred and 
twenty minutes after the injection.............. .. 236 
RPO, Gee Fk. Fr Cub ilu Gis cuels Kaas aves 30 


In addition to the four experiments recorded above on the urea 
formation from amino-acids, we have made many others, but as 
they all show substantially the same thing and nothing more, it 
seems hardly worth while to publish them. Those already cited 
prove definitely that at the end of an hour or more the formation 
of urea from the absorbed amino-acids has begun and is unmis- 
takably demonstrable. In fact we have some experiments where 
the urea increase is marked at the end of 45 minutes. When 
substances other than pure amino-acids are injected the urea 
formation begins much earlier. This is true, for example, for 
Witte’s peptone. 


*4 Only 2.5 grams muscle (gracilis) taken for analysis. 
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PEPTONE ABSORPTION AND UREA FORMATION. 


EXPERIMENT 12. Cat 51 (weight, 3593 grams). Last feeding 
(meat) twenty-six hours before the operation. Anesthetic, ether 


and morphine. 
Milligrams. 
Peptone nitrogen injected 
Peptone nitrogen absorbed in one hundred and ninety- 
three minutes 225 
Non-protein nitrogen, control blood 54 
Urea nitrogen 26 
Non-protein nitrogen, carotid artery, twenty-three 
minutes after the injection 66 
Urea nitrogen 34 
Non-protein nitrogen, carotid artery, one hundred 
and ten minutes after the injection 72 
Urea nitrogen 40 
Non-protein nitrogen, iliac vein, one hundred and 
seventy-five minutes after the injection 86 
Urea nitrogen 4 
Non-protein nitrogen, iliac artery. one hundred and 
eighty minutes after the injection 
Urea nitrogen 
Non-protein nitrogen, hepatic vein, one hundred and 
ninety-three minutes after the injection 
Urea nitrogen rcs 
Non-protein nitrogen in muscle before the injection. . 
Urea nitrogen 
Non-protein nitrogen in muscle one hundred and 
ninety-three minutes after the injection 
Urea nitrogen 


The results obtained with such complex mixtures as Witte’s 
peptone are, of course, less clear cut and much more difficult to 
interpret than are the results obtained with pure amino-acids. 
Peptone contains not only more or less ammonia but in addition 
contains amid nitrogen, so that we do not know how far our urea 
figures represent real deaminization. It is interesting to note, 
however, that even with such a product the “urea” nitrogen 
obtained from the hepatic blood is not larger than the urea in the 
blood obtained at about the same time from the iliac artery. The 
liver has not brought about any demonstrable specialized deamini- 
zation. 

Our experimental data prove that the absorption of amino-acids 
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is, after a while, accompanied by the formation of urea. They 
do not furnish any definite evidence as to where the urea is formed. 
In the absence of satisfactory proof that deaminization and urea 
formation is localized we are not justified in assuming that the 
process is a specialized process in the sense of being confined to 
some particular organ. In other words, so far as we yet know, the 
urea forming process is one characteristic of all the tissues and by 
far the greatest amount of the urea is therefore probably formed 
in the muscles. The negative results, so far as any localized urea 
formation is concerned, is almost satisfactory proof that there is 
none, for if there were one central focus from which all or nearly 
all of the urea originated we could scarcely have failed to find it. 

The hypothesis that the urea forming process is thus probably 
largely a matter of muscie metabolism predicates of course nothing 
as to the nature of the process. In no way does it invalidate or 
weaken the prevailing view that deaminization rather than oxida- 
tion represents the first step in the formation of urea from amino- 
acid nitrogen. Ascribing to the muscles the greatest share in the 
urea formation represents, therefore, in no essential point a return 
to the earlier teachings of Pfliiger or of Voit. 

The important issue between Pfliiger and Voit was the highly 
speculative one as to whether the food protein after absorption 
had to become living protoplasm before being destroyed, or whether 
it was decomposed as circulating protein. That problem is, how- 
ever, now definitely settled by our results. The food protein 
reaches the tissues in the form of amino-acids and those amino- 
acids which are not needed for the rebuilding of broken down 
body material are not rebuilt either into protein or protoplasm, 
but are broken down and their nitrogen converted into urea. Thus 
there is virtually nothing left of the older teaching of Pfliiger and 
Voit on this particular subject. 

On the other hand new problems are now pressing for answer. 
W hat is the starting impulse and the controlling factor in the urea 
formation? Does a given amount of absorbed nitrogen yield the 
same amount of urea in a given time whether it is represented by 
many or by only one kind of amino-acids? In other words does 
a certain total concentration of amino-acid nitrogen result in urea 
formation or do the tissues maintain a separate nitrogen equilib- 
rium on the basis of each individual amino-acid? From a teleo- 
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logical standpoint it would seem almost certain that each tissue 
would deal indivjdually with each kind of available amino-acids, 
and would tend to maintain the kind of mixture most suitable to 
its needs. Ifsuchisthecase, each tissue maintains a certain supply 
of each amino-acid and the urea formation from any particular 
amino-acid depends, so to speak, on the “partial pressure”’ of that 
particular acid. This appears to us the simplest tentative hypoth- 
esis concerning the urea formation out of the surplus food protein. 
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1. INTRODUCTION. 






In a previous communication I have shown! that the active 
agent in ox-serum, which brings about the formation of fertiliza- 
tion-membranes in sea-urchin eggs, can be isolated by a process 
consisting, essentially, in precipitation by barium chloride, reso- 
lution of this precipitate in dilute acid, and reprecipitation by 
acetone. 

This fertilizing agent, as Loeb has shown? and as I have also 
found, is thermostable, resisting an exposure of nineteen hours to 
a temperature of 58°C. It is possibly derived from the breaking 
down of leucocytes in shed blood. Consequently it appears to 
present some analogies to the cytases or cell-liquefying substances 
shown by Metchnikoff* to be derivable from white corpuscles. 
In the communication to which I have referred I therefore sug- 
gested that this substance be termed odcytase. 

The substances (other than those which occur in sperm, tissue- 
extracts, etc.) which are known to bring about membrane-forma- 
tion in sea-urchin eggs are not enzymatic in character. As Loeb 
has pointed out, the agencies which bring about membrane-form- 
ation are haemolytic agents, to wit, besides heat, (1) certain specific 
substances, such as saponin or bile-salts; (2) a series of fat dis- 






















''T. Brailsford Robertson: This Journal, xi, p. 339, 1912. 

? J. Loeb: Die chemische Entwicklungserregung des tierischen Eies, Berlin, 
p. 187, 1909. 

* EK. Metchnikoff: L’Immunité dans les maladies infectieuses, Paris, 1902. 

‘J. Loeb: loc. cit., p. 132. 
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solving agents such as benzene, ether, alcohol and fatty acids; (3) 
distilled water; (4) hydrogen ions and (5) hydroxyl ions. So far 
as is known at present no enzymes are capable of bringing about 
membrane-formation. It therefore appeared of importance to 
ascertain whether, or not, the fertilizing agent which occurs in 
tissue-fluids such as blood-serum is an enzyme. Accordingly the 
following investigations were undertaken: 


2. EXPERIMENTAL. 
Preparation of the odcytin (odcytase). 


To 3800 cc. of defibrinated and centrifugalized blood were added ‘590 cc. 
of *@ NaCl, making the total volume 4390 cc.’ To this were added 2190 ce. 
of 7 per cent BaCl. solution. A thick cloud appeared in the mixture. Por- 
tions of the mixture were heated to from 30° to 40° for about one hour and 
the remainder (over 4 liters) was kept in a warm room for some hours. The 
mixture deposited a membranous white precipitate; it was allowed to stand 
on ice over night. The following day the mixture was centrifuged, the entire 
precipitate being collected in eight 50 cc. centrifuge tubes. The precipitate, 
after having been thoroughly drained, was stirred up in 500 cc. of 2 per cent 
BaCl, solution and again centrifuged and thoroughly drained. This was 
repeated three times. The precipitate was then stirred up in 200 cc. of 75 
HCl rapidly and continuously for one hour; most of the precipitate dis- 
solved, but some residue remained. To this mixture were added 20 cc. of 
10 per cent Na2SO, solution, while stirring. The mixture was then allowed 
to stand at 38°C. over night, 

The following morning this mixture was centrifuged and the supernatant 
fluid was filtered. To the clear, white, slightly opalescent filtrate, which 
was free from barium (yielded no precipitate or cloud on further addition 
of Na.SO,), was added 1 liter of acetone (Merck’s H. P.). A copious floc- 
culent precipitate formed and settled quickly. This was collected upon a 
hardened filter, washed twice in 200 cc. of alcohol and once with 200 ce. of 
ether and dried over H2,SO, at 38° over night. The following day it was 
pulverized and sifted and obtained in the form of a perfectly white friable 
powder. The total weight of the product obtained was1.06grams. About 
one-eighth of the material was lost through the breaking of a centrifuge- 
tube, so that the total amount which might have been obtained from the 
volume of serum employed was 1.2 grams, corresponding to a concentration 
of 0.03 per cent in the serum. 

The substance was spread out in a thin layer to dry over H2SO, at 38° for 
some days. Careful flame tests, both before and after moistening the pow- 
der with nitric acid, failed to reveal the presence of any trace of barium. 





5 I have observed that if excess of NaCl is added at this point precipi- 
tation by barium is greatly delayed. 
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The substance thus obtained was an exceedingly potent ferti- 
lizing and cytolyzing agent. At a dilution of one to half a million 
it caused membrane-formation in 100 per cent of sensitized® eggs 
of Strongylocentrotus purpuratus within ninety minutes. At a 
dilution of one to twenty-five thousand it caused marked cytolysis 
in a like period of time. 


Comparison with trypsin (alkali-proteinase). 


I prepared a 2 per cent solution of ‘“basic’’ potassium caseinate,’ neutral 
to phenolphthalein, by dissolving 8 grams of casein in 64 cc. of 4; KOH which 
had previously been diluted to 400 cc. The solution was filtered before 
using in order to remove a very slight trace of undissolved residue. 

Three 100 cc. samples of this solution were then taken and separately 
placed in tightly-stoppered Erlenmeyer flasks of 200 cc. capacity. From 
two to three drops of toluol were added to each sample and they were then 
warmed to 35°C. 

Three cubic centimeters of-a solution containing 50 mg. of oécytin were 
prepared by dissolving 50 mg. of odcytin in 1.5 cc. of fy HCl and then accu- 
rately neutralizing this solution by the addition of 1.5 ec. of 4 KOH. 

A 0.4 per cent solution of trypsin was prepared by dissolving Griibler’s 
trypsin puriss. sicc. in distilled water. 

The 100 cc. samples of 2 per cent potassium caseinate were then treated 
as follows: 

To number 1 added 3 cc. of distilled water. 

To number 2 added 3 cc. of 0.4 per cent trypsin solution (= 12 mg. trypsin). 

To number 3 added 3 cc. of solution containing 50 mg. oécytin. 

The mixtures thus prepared were then returned to the incubator at 35°C. 

From time to time, as detailed below, 10 cc. samples were taken from each 
flask and the quantity of casein hydrolyzed in each mixture was determined 
by a method previously described.* The following were the results obtained : 


GRAMS CASEIN PER 100 cc. HYDROLYZED 


TIME OF DIGESTION — : 
Mixture containing no Mixture containing 12 Mixture containing 50 
trypsin or oécytin mg. trypsin per 100cc. | mg. oécytin per 100 cc. 


thedr.. 0... 


0.0 0.3 0.0 
3 hours......... 0.0 0.9 0.0 
6 hours......... 0.0 1.8 0.0 


23 hours...... 0.0 2.1 0.0 


* By four minutes’ immersion in 3* SrCl:. 

’ For the methods employed in purifying the casein, preparing solu- 
tions of the caseinates of known reaction, etc., cf. T. Brailsford Robertson: 
Die physikalische Chemie der Proteine, Dresden, 1912. 

* T. Brailsford Robertson: this Journal, xii, p. 23. 
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It is clear, therefore, that in faintly alkaline solutions oécytin 
exerts no measurable proteolytic action, even when present in a 
concentration four times as great as the concentration of trypsin 
which brings about complete hydrolysis of the casein in 2 per cent 
solution after twenty-three hours. We may conclude that oécytin 
possesses no detectible tryptic activity; it is not an alkali-pro- 
teinase. 









Comparison with pepsin (acid-proteinase). 






If pepsin (acid-proteinase) be allowed to act upon casein in neu- 
tral or faintly acid solution, after the lapse of some time a con- 
siderable quantity of a phosphorus-rich substance (paranuclein), 
which is protein in nature and insoluble in such solutions, is depos- 
ited. This phenomenon may be utilized as an indication of the 
presence or absence of acid-proteinase in a neutral or faintly acid 
mixture containing casein. 










A 4 per cent solution of ‘‘neutral’’ potassium caseinate, neutral to litmus, 
was prepared by dissolving 4 grams of casein in 20 cc. of 74 KOH which had 
been previously diluted to 100 ce. This solution was filtered and obtained 
perfectly clear and free from any cloudiness or other indication of suspended 
matter. Ten cubic centimeter samples of this solution were placed in 
tightly-stoppered test-tubes and warmed to 35°C. after the addition of two 
drops of toluol to each of them. 

Fifty milligrams of odcytin were dissolved in 5 cc. of 4 HCl and this 
solution was accurately neutralized by the addition of 5 cc. of 7) KOH. 
After warming this solution to 35°C. it was added to one of the 10 cc. samples 
of casein solution and the mixture was set aside at 35°C. 

Fifty milligrams of Gribler’s pepsin puriss. sicc. were dissolved in 10 
ec. of distilled water and, after warming to 35°C., this solution was added 
to another of the 10 cc. samples of casein solution, and this mixture was also 
set aside at 35°C. 

After the lapse of a week the two mixtures presented a marked contrast. 
The mixture containing pepsin was milky and turbid and had deposited a 
bulky precipitate of paranuclein. The mixture containing oécytin was per- 
fectly clear and had deposited no precipitate. 





















We may conclude, therefore, that in comparison with Griibler’s 
pepsin, oécytin exerts no demonstrable proteolytic action in neutral 
or faintly acid solutions; if ts not an acid-proteinase. 







®° Cf. Lubavin: Hoppe-Seyler’s Med. Chem. Untersuch., Berlin, 1866, p. 
463; A. Kossel: Verhandl. d. berl. physiol. Gesellsch., Arch. f. (Anat. u.) 
Physiol., 1891, p. 181; T. Brailsford Robertson: this Journal, iii. p. 95, 
1907; v, p. 493, 1909. 
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Comparison with lipase. 






A 1 per cent solution of Kahlbaum’s triacetin was prepared and divided 
into two portions of 100 cc. each which were warmed to 32°C. To the one 
portion was then added a mixture of 5 cc. of 75 HCl plus 5 cc. of 4 KOH and 
to the other a solution of oédcytin prepared by dissolving 50 mg. of odcytin 
in 5 ce. of jy HCl and neutralizing with 5 cc. of 4; KOH. The mixtures thus 
prepared were returned to the incubator at 32°C. 

After four hours one drop of 2 per cent alcoholic phenolphthalein was 
added to a 10 cc. sample of each mixture, and these samples, after dilution 
with water, were titrated against 4; KOH. One drop of the 4; KOH turned 
each sample red, consequently no appreciable splitting of the triacetin had 
occurred in four hours. 

To each of the mixtures were now added three drops of toluol and they 
were returned to the incubator. After twenty-four hours 10 cc. samples 
were again tested in the manner described above and with a like result. 

A 10 cc. sample of either mixture, after the triacetin had been completely 
saponified by successive additions of 7s KOH and boiling, neutralized 12.5 
ec. of #y KOH. 


We may therefore conclude that odcytin does not hydrolyze 
triacetin in neutral solutions. 




















An impure lipase-powder was prepared from ripe castor (Ricinus) beans 
in the following manner: The shells were removed by hand without the use 
of water. The seeds were than macerated and extracted with alcohol for 
a day, drained and then washed with ether and dried by spreading out the 
powder in a thin layer in a warm room.!® 

Two cubic centimeters of Kahlbaum’s triolein were delivered into each 
of four 200 cc. Erlenmeyer flasks labelled, respectively, A, B, C and D. 

To A were added 100 cc. of distilled water. 

To B were added 100 cc. of water containing 50 mg. of odcytin dissolved 
in 1 ec. of 75 HCl, this solution having been neutralized by the addition of 
l cc. of 75 KOH. 

To C were added 200 mg. of lipase-powder rubbed up in 100 cc. of water 
containing 1 cc. of 7y HCl + 1 cc. 7y KOH. 

To D were added 200 mg. of lipase-powder rubbed up in 100 cc. of water 
containing 50 mg. of odcytin dissolved in 1 ec. of fy HCl and neutralized 
by the addition of 1 cc. of 4; KOH. 

The flasks were then tightly stoppered and shaken rapidly in a shaking 
machine which was placed in a room heated to 32°C. and maintained at a 
constant temperature. After ten minutes’ shaking 10 cc. samples of each 
mixture were taken, 50 cc. of absolute alcohol were added to each sample, 
and they were titrated against phenolphthalein with 7s NaOH in alcoholic 

























10 Cf. A. E. Taylor: On Fermentation, Univ. Calif. Publ. Pathol., i, p. 258, 
1907. 
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solution.!! This procedure was repeated from time to time with the results 
shown in the following table: 


Cubic centimeters of §; NaOH required to neutralize 10 cc. of the digestion 


mixture. 
| 
A | B c 


After 10 minutes.......| 0.3 | 0.3 0.4 
After 24 hours........ 0.35 0.35 0.65 
After 48 hours.........| 0.5 0.4 2.0 


It is evident that the hydrolysis due to the Ricinus lipase took 
place more rapidly in the second twenty-four hours than in the 
first, a phenomenon which has been observed by Hoyer” and 
attributed by him to the setting free of auto-catalysors during the 
progress of the hydrolysis. 

It is further evident, firstly that odcytin does not accelerate the 
hydrolysis of triolein in neutral solution, and secondly that it does 
not aid the hydrolysis of triolein by Ricinus lipase. From these 
experiments. and from the experiments detailed above, in which 
triacetin was employed as substrate, we may conclude that in all 
probability odcytin is not a lipase, nor does it act as a co-ferment for 
Ricinus lipase. 


Comparison with emulsin. 


A 1 per cent solution of amygdalin (Merck, H. P.), was divided into two 
portions of 100 cc. each. To the one portion I added 5 cc. of 7; HCl and 5 
ec. of 7g KOH which had been previously. mixed; to the other 50 mg. of 
odcytin dissolved in 5 ec. of 7g HCl and neutralized by the addition of 5 cc. 
of 7; KOH. To 10 cc. samples of each of these mixtures were then added 
10 ec. each of Fehling’s solution 1 and 2 prepared according to the formula 
of Bertrand;' they were then boiled for three minutes. No precipitate or 
cloud was produced; consequently the mixtures were free from glucose. 

The mixtures were then placed in an incubator at 32°C. and tested from 
time to time with Fehling’s solution. After twenty-four hours these tests 
failed to indicate the presence within the mixtures of even a trace of glucose. 
In a like period at 32° I have found that 50 mg. of Merck’s emulsin will bring 
complete hydrolysis of the amygdalin in 100 cc. of a 1 per cent solution with 
the liberation of nearly 60 mg. of glucose per 10 ce. 





11 Cf. H. C. Bradley: this Journal, viii, p. 251, 1910. 
12 EB. Hoyer: Zeitschr. f. physiol. Chem., |, p. 414, 1907. 
13 Betrand: Bull. soc. chim., xxxv, p. 1285, 1906. 
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We may therefore conclude that odcytin does not accelerate the 
hydrolysts of B-glucosides.\* 






Comparison with peroxidase. 





To a few cubic centimeters of a 0.05 per cent solution of odcytin (in 75 
KCl, prepared by dissolving the odcytin in 7s HCl and neutralizing 
with 7 KOH) I added a drop of tincture of guaiacum. No coloration was 
observed. I then added several drops of hydrogen peroxide solution (3 
per cent); still no coloration was observed. One drop of defibrinated 
ox-blood diluted to several cubic centimeters and treated with hydrogen 
peroxide and guaiacum in the proportions indicated yielded a deep blue col- 
oration at once. 

We may conclude, therefore, that odcytin is not a peroxidase. 


So far as the above observations go, therefore, although far from 
complete, it will be seen that they afford no support for the view 
that the membrane-forming and cytolyzing action of oécytin is 
attributable to enzymatic activity. Having regard to the fact 
that the chemical agents (haemolytic agents) which are known to 
cause membrane-formation are in no case enzymes, we may, I 
think, conclude that the membrane-forming agent which may be 
isolated from mammalian blood-serum by the method outlined 
above is not an enzyme. This being the case, the name odcytase, 
which I originally suggested should be applied to this substance, 
becomes inappropriate, since the termination ase connotes an 
enzyme. I now propose that the membrane-forming agent in 
blood-sera be termed odcytin. 






















3. THE NON-ENZYMATIC CHARACTER OF THE FERTILIZING AGENT 
IN SPERMATOZOA. 










In a previous communication I have shown that a membrane- 
forming agent can be extracted from spermatozoa which resembles 
odcytin in being thermostable, precipitable by salts of the alkaline 
earths and by acetone, and soluble in dilute acids. So far as our 
knowledge extends at present the membrane-forming agent in 
echinoderm spermatozoa is indistinguishablé from the membrane- 
forming agent in mammalian blood-sera, and I have therefore 














14 Cf. E. Frankland Armstrong: The Simple Carbohydrates and the Gluco- 


sides, London, 1910., p. 55. 
% T. Brailsford Robertson: this Journal, xii, p. 1, 1912. 
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advanced the hypothesis that they are identical. If this be so 
then it would appear probable that the membrane-forming agent 
in spermatozoa is not an enzmye. 

‘I have been able to confirm this deduction experimentally in the 
following manner: It has been shown by Loeb" that the fertiliza- 
tion-membrane is formed by the dissolution of a lipoid emulsion 
at the surface of the egg, followed by the osmotic imbibition of 
water. It has further been observed by v. Knaffi-Lenz and by 
Loeb that if sea-urchin eggs in which membrane-formation has 
occurred be placed in sea-water to which blood-serum, white of 
egg or tannic acid has been added, the membrane collapses. Loeb 
interprets this to mean that the membrane is impermeable to col- 
loids. The membrane can be shown to be permeable for salts;'7 
accordingly the presence of the colloid in the outer sea-water 
creates an osmotic tension which results in the withdrawal of fluids 
from the membrane and its subsequent collapse. 

I have amplified these experiments!® and have shown that it is 
possible to delay or even altogether inhibit the membrane-forming 
action of a variety of agents (butyric acid, blood-serum, sperm, 
saponin) by the addition of proteins (such as ovomucoid, casein, 
serum proteins or gelatin) to the outer medium bathing the eggs. 
I have furthermore shown that the order of effectiveness of various 
proteins in inhibiting membrane-formation is the reverse order of 
their ability to pass through a porcelain filter, thus confirming the 
views of Loeb, cited above, regarding the mode of formation of the 
fertilization-membrane. 

I have found that the concentration of a given protein which is 
required to inhibit membrane-formation in sea-urchin eggs varies 
in a very definite manner with the potency or concentration of the 
membrane-forming agent. This fact is very strikingly illustrated 
by the influence of proteins upon membrane-formation by saponin. 
Thus one part of saponin in 1333 of sea-water causes the formation 
of perfect spherical membranes in 100 per cent of purpuratus eggs 
within six minutes. The addition of 2 per cent of ovomucoid to 
the sea-water markedly delays membrane-formation, nevertheless 
within fourteen minutes 100 per cent of perfect spherical membranes 


16 J, Loeb: loc. cit., p. 125. 
17 J. Loeb: loc. cit., p. 127. 
18 T, Brailsford Robertson: Univ. Calif. Pub. Physiol., iv, p. 79, 1912. 
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are formed. One part of saponin in 64,000 of sea-water causes 
the formation of perfect spherical membranes in 100 per cent of 
eggs within thirty-five minutes, but in the presence of 2 per cent 
ovomucoid only 10 per cent are produced in an hour. 

The power of a given concentration of protein in the external 
medium to inhibit membrane-formation is thus seen to depend 
upon the quantity of the membrane-forming agent which has pene- 
trated the cell. If a sufficient quantity of the membrane-forming 
agent enters the cell, then the processes underlying membrane- 
formation will proceed until a sufficient quantity of water-attract- 
ing substance has been set free within the cell to overcome the 
osmotic tension of a given quantity of protein in the external 
medium; but if an insufficient quantity of the membrane-forming 
agent has entered the cell, the processes underlying membrane-for- 
mation may cease before this point is reached. 

Now purpuratus eggs which have been ‘“‘sensitized’’ by four 
minutes’ immersion in 3 SrCl, will usually form perfect spherical 
fertilization-membranes when immersed in undiluted isotonic ox- 
serum.!® But purpuratus spermatozoa are unable to cause mem- 
brane-formation in eggs immersed in such serum. Moreover if 
eggs are previously fertilized by sperm and then immersed in such 
serum, their membranes collapse, as already stated, and this col- 
lapse of the membranes occurs even if the eggs are transferred 
to the serum over half an hour after fertilization. 

From these facts it would appear, first, that the “charge” of 
membrane-forming material which a purpuratus egg gains from the 
entry of a single sperm is not so great as that which it can accumu- 
late, after sensitization, when immersed in a potent undiluted 
serum, and secondly that the membrane-forming agent in sperma- 
tozoa is not an enzyme, for if it were and its membrane-forming 
action were due to its enzymatic activity, then in the course of 
time the amount of change (or of water-attracting material) pro- 
duced by a small “‘charge”’ of the membrane-forming agent should 
be the same as that produced by a larger ‘‘charge,”’ just as the 
amount of digestion brought about by 1 mg. of trypsin is ultimately 
the same, or nearly the same, as that which is brought about by 2 
mg. of trypsin, although it takes place at one-half the velocity. 


19 Prepared by adding 10 cc. of °“ NaCl to 65 cc. of ox-serum. 
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In other words, were the membrane-forming action of spermatozoa 
due to the action of an enzyme, then in the course of time, if not 
immediately the membrane appears, the amount of water-attract- 
ing material set free in the egg should be sufficient to overcome the 
osmotic resistance offered by any concentration of protein which 
will permit membrane-formation at all. 

It appears rather probable, therefore, that the membrane-form- 
ing agent in echinoderm spermatozoa, like that in mammalian 
blood-sera, is not an enzyme. 


4. PROPERTIES OF OOCYTIN. 


The following properties of odcytin have been determined or 
confirmed since the appearance of my original communication and 
may be briefly referred to here pending more extended and de- 
tailed investigation. 

The substance, when pure, is perfectly white and yields, when 
dissolved in dilute acids, colorless, markedly opalescent solutions 
which, upon neutralization, become even more opalescent. From 
its general behavior the substance would appear to be a colloid. 
I have been unable to coagulate it by heating. 

In response to various color-tests it yields the following results: 

Millon’s test: an atypical very faint reddish color which disap- 
pears with prolonged boiling. 

Xanthoproteic test: negative. 

Biuret test: negative. 

Acree’s formaldehyde test: very faintly but unmistakably positive. 

From these results it would appear that odcytin is not a protein, 
the faint positive reaction obtained with Acree’s test being prob- 
ably due to slight contamination with adherent protein. 

Molisch’s test is also negative. 

Pettenkofer’s test is negative. 

No precipitate or increase in opalescence is produced in a 0.2 
per cent solution of oécytin by two-thirds saturation with ammo- 
nium sulphate. 

On mixing 3 cc. of a solution of odcytin containing 50 mg. with 
100 ce. of a 1 per cent solution of amygdalin a very pronounced 
cloud is produced in the solution, which, however, does not settle 
out. 
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Odcytin, even in minute concentrations (1 part in 2000), exerts 
a very interesting action upon mixtures of triolein and water. If 
2 ee. of triolein®® be shaken violently with 100 ce. of distilled water 
for from twenty-four to forty-eight hours a milky emulsion is 
formed, having a very thin layer of oil floating upon the top. If 4 
the distilled water contains 1 part in 2000 of odcytin, however, 
no such emulsion is formed, and discrete drops of oil float to the 
top immediately the shaking is discontinued, leaving the sub- 
natant fluid clear and transparent. It is perhaps not without sig- 
nificance, in view of the membrane-forming potency of the fatty 
acids, that y%5 acetic acid has a similar action. Our knowl- 
edge of the mechanics of emulsion-formation is, at present, how- it 
ever, too incomplete to permit a safe interpretation of these facts. a 
















5. CONCLUSIONS. 







1. Odcytin, the membrane-forming agent in mammalian blood- 
sera (formerly termed oécytase), is neither an alkali-proteinase, a 
an acid-proteinase, a lipase nor a peroxidase. It does not accelerate 4 
the hydrolysis of 8-glucosides. It does not act as a co-ferment ay 
for Ricinus lipase. 4 
2. It is inferred that odcytin is probably not an enzyme. 
3. The membrane-forming agent in Strongylocentrotus purpura- 
tus spermatozoa is also probably not an enzyme. 
4. Odcytin is not a protein. 
















20 Vide the experiments enumerated under Comparison with Lipase, part 
2 of this article. 
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In a preliminary paper? from this laboratory, entitled ‘‘Sulphur 
in Proteins,”’ the writer wrote as follows: ‘‘If now sulphur proteins 
be viewed as oxygen proteins in which bivalent sulphur has par- 
tially displaced oxygen, one therefore might expect to find two 
types of sulphur linkings in sulphur proteins corresponding to the 
two important primary oxygen groupings, viz: mercapto, —SH, 
and thioamide, —-CSNH—. In fact, cysteine represents a sulphur 
compound of the first type, in which such a displacement has 
taken place in the case of hydroxyl oxygen in serine. Thiotyrosine 
HS .CsH,CH,CH(NH,)COOH has not yet been synthesized.”’ Itis 
now gratifying to write that our expectation has been realized by 
other workers,’ since the publication of our paper, and that it has 
been shown that the thioamide group, —CSNH-—, actually func- 
tionates in the synthesis of proteins. 

No evidence has yet been produced, so far as the writer is aware, 
which indicates that an aromatic mercapto grouping, — C,H,SH, is 
present in sulphur proteins. If, however, such a linking is to be 
considered the most probable cleavage product to look for would be 
the sulphur analogue of tyrosine, viz: thiotyrosine. Whether this 
amino-acid will ever be discovered among the products of hydroly- 
sis or not, nevertheless it cannot be excluded from consideration 
until all of the sulphur in proteins can be accounted for. Our 





















‘ The work described in this paper formed part of a thesis presented by 
Mr. Charles Andrew Brautlecht to the Graduate School of Yale University 
for the degree of Doctor of Philosophy. (T. B. J.) 

? Johnson and Burnham: this Journal, ix, p. 331, 1911. 

* Barger and Ewin: Journ. of Chem. Soc. (London), 1911, p. 2336. 
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knowledge of sulphur proteins is not complete until we are familiar 
with every possible sulphur combination, which may theoretically 
occur in these substances. We shall give, in this paper, therefore. 
a description of the synthesis and properties of thiotyrosine. 
Before proceeding with the description of our synthesis of this 
amino-acid it is first desirable to note the interesting structura! 
relationship, which exists between thiotyrosine and the mercap- 
turic acids. These compounds, of which the first representative 
was discovered by Baumann,‘ have played indirectly an important 
réle in the study of the nature of sulphur combinations in pro- 
teins. They are derivatives of the amino-acid, cysteine, and are 
formed and eliminated, after conjugation with glucuronic acid, 
in the urine of dogs after the feeding of certain aromatic substances. | 
For example, brombenzene, chlorbenzene and iodbenzene are 
transformed in the organism of this animal into the corresponding 
mercapturic acids (II, II] and IV, respectively). Phenylmercaptu- 
ric acid (I) is formed by reduction of these halogenated acids with 
sodium amalgam.® The constitution and chemical connection of 


Br Cl I 


Fe pm A>, a 
| ? | J 
\/ ie, ™~ 
Se 
a CH, CH, CH; 


| 


| 
CHNHCOCH; CHNHCOCH; CHNHCOCH; CHNHCOCH; 
| | | | 
COOH COOH COOH COOH 
I I Ill IV 


these acids with cysteine was established by the important investi- 
gations of Friedmann.’ It is an interesting fact, from a chemical 
standpoint, that halogen derivatives of toluene are not eliminated 
as mercapturic acids. According to the experiments of Preusse’ 
the methyl group of parabromtoluene undergoes oxidation in the 


‘ Baumann and Preusse: Ber. d. deutsch. chem. Gesellsch., xii, p. 806, 1879. 
5 Baumann and Preusse: Zeitschr. f. physiol. Chem., v, p. 335. 

6 Hofmeister’s Beitrdge, iv, p. 486, 1904. 

’ Zeitschr. f. physiol. Chem., v, p. 57. 
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organism of the dog and this substance is eliminated as the corre- 
sponding hippuric acid, BrCsHs;CONHCH.2COOH. 

Thiotyrosine (X) is isomeric with the foundation of this interest- 
ing series of acids, viz: phenylcysteine (IX), which Baumann and 
Preusse® obtained by hydrolysis of phenylmercapturic acid with 
hydrochloric acid. In fact, the amino-acid has the same relation 
to this phenylcysteine that tyrosine (VIT) has to phenylserine (VI). 
The latter compound has apparently not been synthesized.°® 
The structural relationships between these aromatic substances 
and the two cleavage products of protein, serine (V) and cysteine 
(VIII), are apparent by inspection of the following formulas: 








| | oe 

CHNH, ” CHNH, 534 pe 

| | 

COOH ‘COOH COOH 

V VI. VII 

CH.SH CH.SC.H; CH: < é SH 
| | | 
CH-NH; > CHNH, > CHNH, 

| | | 
COOH COOH COOH 


VIII IX X 





It is well known that cyclic ureides and guaneides of hydroxy- 
acids are hydrolyzed, by digestion with alkali, with formation of 
the corresponding a-amino-acids. Hydantoin, for example, when 
warmed with barium hydroxide, is first transformed into hydan- 
toic acid (XII), which then undergoes a further hydrolysis giving 
carbon dioxide, ammonia and glycocoll (XIII). The guaneide 
creatinine (XIV) is decomposed in an analogous manner with 
formation of creatine, which is finally transformed, by prolonged 
digestion, into carbon dioxide, ammonia and sarcosine (XVI). 


* Zeitschr. f. physiol. Chem., v, p. 334. 
* Richter’s Lexicon der Kohlenstoff-verbindungen. 
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NH, COOH 
| 


| —— NH.CH,COOH+ NH; + Co. 


| 
| 


NH—CH, NH—CH, 
XI XII XIII 


NH—CO NH, COOH 


| ee 


HN:C ——HN:C | — » CH,;NH-CH.COOH + 2NH; + Co, 


| | 


CH;N——CH, CH;N CH, 
XIV XV XVI 


It has also been known for many years that certain organic 
compounds containing the peptide grouping, — NHCH.CO-—, are 
capable of condensing with aldehydes,’® but it was not until 
recently, however, that it was shown that the methylene group in 
hydantoin is likewise reactive towards aldehydes and that this 
cycle condenses smoothly with these reagents forming stable con- 
densation products. This observation wasmadeinthislaboratory." 
These condensation products have proved valuable for synthetical 
purposes because it is possible to reduce them to substituted hydan- 
toins, which can then be hydrolyzed to amino-acids. In order to 
obtain thiotyrosine, we employed this new method and synthe- 
sized first the hydantoin and phenylhydantoin of this amino- 
acid. 

In order to obtain the hydantoin of thiotyrosine we prepared 
first “the hitherto unknown hydantoin of para-aminopheny!l- 
alanine. This was accomplished as follows: Benzalhydantoin 
(XVII) was prepared by condensation of hydantoin (XI) with 
benzaldehyde! and converted into benzylhydantoin (XVIII) by 
reduction with sodium amalgam or hydriodic acid. This hydan- 
toin was then subjected to nitration with cold fuming nitric acid 


10 Pléchl: Ber. d. deutsch. chem. Gesellsch., xvi, p. 2815; Pléchl and Wolfrum: 
ibid., xviii, p. 1183; Hoffman: ibid., xix, p. 2554; Erlenmeyer: Ann. d. Chem. 
(Liebig), eclxxi, p. 137; eelxxv, p. 1; Erlenmeyer and (Bade, Mattes, Stadlin 
and Wittenberg): ibid., cceexxxvii, pp. 205, 222, 265, 271, 283 and 294; Ber. d. 
deutsch. chem. Geselisch., xxv, p. 3445; Erlenmeyer and Friistuck: Ann. d. 
Chem. (Liebig), cclxxxiv, p. 36; ecevii, p. 73. 

11 Amer. Chem. Journ., xlv, p. 368, 1911. 

12 Wheeler and Hoffman: Amer. Chem. Journ., xlv, p. 368. 
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when the corresponding paranitrobenzylhydantoin (XXI) was 
formed smoothly. The nitrohydantoin was then converted into 
the corresponding para-aminobenzylhydantoin (XX) by reduc- 
tion with hydriodic acid. The constitution of this aminobenzyl- 
hydantoin and also that of the corresponding nitro compound 
(XXI) was established by the fact that the same para-amino- 
benzylhydantoin (XX) was formed by reduction of para-nitro- 
benzalhydantoin® (XIX) with hydriodic acid. These various 
transformations are represented by the following structural for- 
mulas: 













NH—CO NH—CO NH—CO 















| | | 
CO — CoO —- CO 
| ae | te 
NH—CH, NH—C:CHC,H; NH—CHCH.C,.H; 
‘XI XVII XVIII 
| 
| 
NH—CO NH—CO NH—CO 
| | | 
CO | nacansonl CO —— Co 
| 








NH—C: CHC;,HiNO, NH—CHCH,C.H,NH;, NH—CHCH,C,H,NO, 
XIX xX XXIT 














Thiotyrosine hydantoin (X XV) was prepared from para-amino- 
benzylhydantoin (XX) in the following manner: This hydantoin 
was first diazotized in the customary manner and the resulting 
diazonium salt (XXII) then combined with potassium xantho- 
genate, in aqueous solution, when the corresponding diazonium- 
xanthogenate (XXIII) was formed. The yield was nearly quanti- 
tative. This salt, however, is unstable and when allowed to stand 
at ordinary temperature or when warmed in water it undergoes 
decomposition with evolution of the diazo nitrogen and the xan- 
thogenic ester (XXIV) is formed. This ester was obtained in 
a crystalline condition and could be purified by crystallization 
from aleohol. In order to obtain the hydantoin of thiotyrosine 
this xanthogenate was digested with water when it underwent 













8 Wheeler and Hoffman: ldc. cit. 
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hydrolysis and a quantitative yield of the hydantoin (XXV) was 
obtained. These changes are represented by the following for- 
mulas: 


NH—CO NH—CO 
ae | 


co | CO ila 


NH—CHCH2C.H4N He NH—CHCH2C,H4N : NCI 
XX XXII 


NH—CO NH—CO 
me | 
co | ———» CO ——+ 


NH—CHCH2C,HiN2SCSOC2H; NH—CHCH2C,H,8 -CSOC2H; 
XXIII XXIV 


NH—CO 


es 
CO 


| 
NH—CHCH2C;H,SH 
XXV 


The corresponding 1-pheny] derivative of thiotyrosinehydantoin 
(XXXII) was synthesized as follows: 1-Phenyl-2-thio-4-paranitro- 
benzalhydantoin'* (X XVII) was first converted into its ethylmer- 
capto derivative (XXVIII) by alkylation with ethyl bromide and 
this compound then digested with hydrochloric acid when the 
hydantoin (X XIX) was formed with evolution of ethylmercaptan. 
This compound was then reduced with hydriodic acid and red phos- 
phorus when a quantitative yield of 1-phenyl-4-para-aminobenzy!]- 
hydantoin (XXX) was obtained. This aminohydantoin was then 
converted into the diazonium compound and the latter, by the 
action of potassium xanthogenate, transformed into the diazoxan- 
thogenate (XXXI). The latter (XX XI) gave on hydrolysis the 
phenylhydantoin of thiotyrosine (XXXII). The various trans- 
formations in this synthesis are represented by the following 


formulas: 


4 Wheeler and Brautlecht: Amer. Chem. Journ., xlv, p. 446. 
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C.H;N CO CsH;N — CO CsH;N—CO 
| | | PA 
CS ——— CS ——  C.H;SC ——- 
| | | | ; | | 
NH—CH2 NH—C:CHC,.HyNO2 N—C:CHC,H4yNO-2 1 
XXVI XXVII XXVIII 


















CsH;N ——CO CeH;N CO 
| ee 
co | ee? Oe nraail 
ae ae 
NH—C:CHC,HsNO2 NH—CHCH2C,H;N He 
XXIX XXX 








CsH;N——CO CsH;N——CO 


co | ——+»> CO | 
























NH—CHCH2C,H4N2SCSOC2H; 
XXXI 


NH—CHCH2C,H,SH 
XXXII 





The hydantoin (XXV) and phenylhydantoin (XXXII) of 4 
thiotyrosine are stable substances and apparently are not oxi- . 
dized by the air to their corresponding disulphides. They are 
both decomposed by heating with a strong, aqueous solution of 
barium hydroxide with evolution of ammonia and aniline and for- $ 
mation of thiotyrosine (XXXIV). This amino-acid, however, is ij 
less stable than its corresponding hydantoin derivatives and under- i 
goes an immediate oxidation in this alkaline solution forming the 
corresponding disulphide (XX XIII). The latter compound is a 
well crystallized substance and is very insoluble in water. It is . 
converted quantitatively into thiotyrosine (X XXIV) by reduction 
with tin and hydrochloric acid. The properties of these two new 

amino-acids and several of their salts are given in the experimental 

part of this paper. 





















C.H,N——CO > NH—C 
| | | | 
a co | 
| | | 
NH—CHCH.C,H,SH NH—CHCH.C,H.SH 
XXXII XXV 
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NH, NH, 


| 


HOOCCH -CH,C;H.8:Cs-H,CH»;CHCOOH = HSC,H,CH,CH(NH:)COOH., 
XXXII XXXIV 
NH, NH, 


HOOCCH -CH.S.CH,CHCOOH <= HSCH.CH(NH:)COOH 
(Cystine) (Cysteine) 


The following shows the different steps by which the synthesis of 
thiotyrosine from hydantoin has been effected: 


Hydantoin 


L \ 
Benzalhydantoin Nitrobenzalhydantoin 
{ : é 


Benzylhydantoin 


Nitrobenzylhydantoin 
~ 


\ iL 


Aminobenzylhydantoin 
Diazobenzylhydantoin ethylxantiogenate 
Paraethylxanthogenate-4-benzylhydantoin 

Thiotyrosinehydantoin 

Disulphide of Thiotyrosine 


Thiotyrosine 


EXPERIMENTAL PART. 


1-Phenyl-2-thio-4-paranitrobenzalhydantoin. 


C.sH;N ——CO 


ae 
Cs 


NH—C:CHC,H,NO, 
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This hydantoin” was prepared by condensation of nitroben- 
zaldehyde with phenylthiohydantoin. The latter was prepared 
by the action of phenylisothiocyanate on ethyl amino-acetate.” 
The phenylthiohydantoin was condensed with a molecular pro- i | 
portion of nitrobenzaldehyde by digestion for about one hour in 15 

parts of glacial acetic acid in the presence of 2 parts of anhydrous 

sodium acetate. The acid mixture was then poured into a large 

volume of cold water when most of the condensation product 

separated. This was separated by filtration and the filtrate evap- 

orated to dryness to remove acetic acid. The sodium acetate was 

then dissolved with water when the remainder of the condensation . 
product was obtained. After washing the crude hydantoin with f 
cold alcohol and ether it was then purified by recrystallization 
from boiling glacial acetic acid. It separated on cooling inthe 
form of yellow prisms, which melted at 278° to 279°. The yield 
was nearly quantitative. The hydantoin is extremely insoluble 
in the common organic solvents and dissolves in sodium hydroxide 
solution forming a characteristic sodium salt, which is difficultly 
soluble in water. The hydantoin is precipitated unaltered by 
addition of acids to aqueous solutions of its sodium salt. 
























Calculated for 
Anatysis (Kjeldahl): CiwHuOsN38: Found: 
SET rie ee Ran poland Ses (VER Sag ode Dee 12.92 12.90 













1-Phenyl-2-ethylmercapto-4-paranitrobenzalhydantoin. 






C.H;N—-CO 
| 


C.H;SC 


N—C:CHC,H,NO, 










Paranitrobenzalhydantoin was first converted into its sodium 
salt by warming with an alcoholic solution of sodium ethylate, 
containing one molecular proportion of sodium. Somewhat more 
than one molecular proportion of ethylbromide was then added and 
the mixture heated on the steam bath until the reaction was com- 












'® Wheeler and Brautlecht: loc. cit. 
‘6 Marckwald, Neumark and Stelzner: Ber. d. deutsch. chem. Gesellsch., 
Xxiv, p. 3278. 
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plete. The excess of alcohol’and ethylbromide was then removed 
by evaporation at 100° and the residue dissolved in the least possi- 
ble volume of hot water. On cooling, this mercaptohydantoin 
separated as long yellow needles, which melted at 212° to 213° 
to a clear oil. It was purified for analysis by recrystallization 
from boiling glacial acetic acid. It was dried for analysis at 110°. 


Calculated for 


ANALYsis (Kjeldahl): CisHisOsN3S: Found: 
CSA GAR SABRES ae nap erage te SPS EAP: 11.90 11.72 


1-Phenyl-4-paranitrobenzalhydantoin. 


C.,H;N——CO 
| 
CO 
| 
NH—C:CHC,H,NO, 


A quantitative yield of this hydantoin was obtained by diges- 
tion of the preceding mercapto compound with hydrochloric acid. 
The compound is very difficultly soluble in alcohol and crystallizes 
from acetic acid in needles, which melt at 300° to a dark colored 
oil. The hydantoin dissolves in concentrated sulphuric acid, 
giving an orange-colored solution. It was dried for analysis at 
110°. 


ANALYsIs (Kjeldahl): 


Calculated for 
CieHu04Ns: Found: 


13.48 


1-Phenyl-4-para-aminobenzylhydantoin. 
C.H;N CO 


| 
co 


NH—CHCH:C,H.NH: 


This hydantoin was formed when the preceding nitrobenzal 
derivative was boiled with 7 parts of hydriodic acid (specific 
gravity 1.7) and 0.2 part of red phosphorus. After the reduction 
was complete the acid solution was diluted copiously with water 
and then filtered to remove phosphorus. After concentration of 
the solution and cooling, the hydriodide of the hydantoin separated. 
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The yield was nearly quantitative. The salt crystallizes from 
95 per cent alcohol in prismatic blocks, which melt at 275° with 
decomposition. 






Calculated for . 


richie trad ccdienr etdsubins a4 ihe oase 10.27 10.31 
31.09 








eevee rere eee eww eee eee eee eee eeeeeeereeeeeees 





In order to obtain the free hydantoin base this hydriodide was 
dissolved in dilute alcohol and ammonia added to the solution. 
The hydantoin separated immediately and was purified for analy- 
sis by crystallization from boiling 95 per cent alcohol. Itseparated, 
on cooling, as prismatic crystals, which melted at 143° to a clear i 
yellow oil. It was dried for analysis at 100°. 












Calculated for Ms 
AnaLysis (Kjeldahl): CisHsO2Ns: Found: f 
14.79 







i 






Hydrochloride of 1-Phenyl-4-para-aminobenzylhydantoin, 
CisHis02N3.HCl: This was prepared by dissolving the base in | 
dilute hydrochloric acid. It is also formed smoothly by digest- 
ing the hydriodide in aqueous solution with an excess of freshly ik 
precipitated silver chloride. The salt crystallizes in prisms, 
which melt with decomposition at 260° to 262°. 












: , Calculated for ‘ 
ANALYSIS: CieHsO2Ns. HCI: Found: f 






eoecereee eee eee ee eeeeeeeseeeeeeeenes 






Sulphate of 1-Phenyl-4-para-aminobenzylhydantoin, 
CisH;s02N3.H2SO,: This salt crystallizes from dilute sulphuric 
acid in slender, colorless prisms which decompose at an indefinite 
temperature, from 190° to 250°, according to the rate of heating. 











Calculated for ait 


ih ntitdss eGR hiats bu og td NEk SEOTNS Odes 8.44 8.30 
10.90 









ee 






Nitrate of 1-Phenyl-4-para-aminobenzylhydantoin, 
CisHis02N;.HNO;. This was prepared by dissolving the amino- 
hydantoin in dilute nitric acid. It separated from its hot nitric 
acid solution in plates, which decomposed from 190° to 240°, 
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s 
according to the rate of heating. It was dried for analysis in a 
desiccator over concentrated sulphuric acid. 
Calculated for 


Anatysis (Kjeldahl): CaHieNe. HNOs: Found: 
16.05 


4-Paranitrobenzalhydantoin. 


NH—CO 
| 


CO 


| 


NH—C:CHC,;H,NO, 


This compound has been described in a previous paper from this 
laboratory and was prepared by condensation of hydantoin with 
paranitrobenzaldehyde.!” We prepared it according to this method 
and purified it by crystallization from glacial acetic acid. It 
melts at 254.° 


Calculated for 
‘Anatysis (Kjeldahl): CioH7OuNs: 


4-Para-aminobenzylhydantoin. 


NH—CO 


CO 
NH—CHCH.C,H.N H: 


This hydantoin was obtained in the form of its hydrochloric 
acid salt by reduction of the preceding nitro compound with tin 
and hydrochloric acid. The solvent used was 95 per cent alcohol. 
After the reduction was complete the solution was then evaporated 
to dryness to remove the alcohol and hydrochloric acid. The 
double tin salt was then dissolved in water, the tin precipitated as 
the sulphide and the solution then evaporated again when the 
hydrochloride of the hydantoin was obtained. This salt is ex- 
tremely soluble in water and was purified by crystallization 


17 Wheeler and Hoffman: loc. cit. 
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from alcohol, which was saturated with hydrochloric acid gas, or 
from dilute hydrochloric acid. It separated in prisms, which 
melted with decomposition at 255° to 257°. The yield was excel- 
lent. It was dried for analysis in a desiccator over sulphuric 


acid. 
te Calculated for 
ANALYSIS: CiwHnO2Ns. HCl: Found: 


I II 


17 .34 17.44 













Ilr 



















17.39 
14.70 


eS Reems 2S Cees 


Ga neds Socnavteser sac 14.58 






This same hydrochloride can also be obtained by digesting the 
hydriodide (see below) in aqueous solution with silver chloride. ; 
In order to obtain the hydantoin the hydrochloride was dissolved 
in water and an equivalent quantity of sodium hydroxide added to . 
the solution. The hydantoin separated at once in the form of 
prisms and was purified for analysis by crystallization from 95 
per cent alcohol. It melted at 145°. 







Calculated for 
Anatysis (Kjeldahl): CioH102Ns: Found: 
I ie alle as i is ek ante a eked ob ss snd Sine wae 20.49 20.57 













Hydriodide of 4-Para-aminobenzylhydantoin, CjHy,O.N3. HI: 
This salt is formed quantitatively by reduction of paranitrobenzyl- 
hydantoin with hydriodic acid and phosphorus. After removing 
the red phosphorus by filtration and the excess of hydriodic acid ie 
by evaporation the crystalline hydriodide was obtained. It was 
purified by crystallization from 95 per cent alcohol and separated, 

on cooling, in needles which decomposed at 220°. It was dried 

for analysis in a desiccator over sulphuric acid. 











Calculated for 
CioHisO2Ns. HI: Found: 


ANALYSIS: : I I III 










37.77 37.99 









The Formation of Tyrosinehydantoin from 4-Para-aminobenzyl- 
hydantoin. 










One gram of the above para-amino derivative was diazotized 
in the usual manner, and the corresponding diazonium salt then 
decomposed by heating on the steam bath. Nitrogen was evolved 
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and a crystalline substance was obtained, which was identified as 
tyrosinehydantoin. The yield was 0.8 gram and it melted at 
258°. When mixed with some pure tyrosinehydantoin, prepared 
from anisalhydantoin by reduction with hydriodic acid, this melt- 
ing point was not altered. 

Calculated for 


ANALYSIS (Kjeldahl): CiwHwOsN2: Found: 
I ul 


13.59 13.32 13.46 


4-Paranitrobenzylhydantoin. 


NH—CO 


| 
co 


NH—CHCH.C,H.NO, 


The hydantoin of phenylalanine, which was used in this experi- 
ment, was prepared by reduction of benzalhydantoin'® with sodium 
amalgam. The nitro group was introduced by nitration at 0° 
with nitric acid of specific gravity 1.52. For one part of the hydan- 
toin we used 3 parts of the nitric acid. After nitration, the acid 
solution was then poured into water when the nitro compound 
separated. The yield was generally about 85 per cent of the the- 
oretical. The hydantoin was purified by crystallization from 
boiling acetic acid and separated on cooling as pale-yellow prisms, 
which melted at 238° to 240° with decomposition. The compound 
is soluble in hot alcohol, difficultly soluble in acetone and insoluble 


in ether. 


. Calculated for 
ANALysis (Kjeldahl): CroHoOiNs: Found: 
I Il Il! 


17.87 17.87 17.81 17.58 


Reduction of 4-Paranitrobenzylhydantoin to 4-Para-aminobenzyl- 
hydantoin. 


This amino hydantoin was obtained in the form of its hydro- 
chloride by reduction of this nitro compound, in alcohol, with tin 
and hydrochloric acid. It was separated from tin in the usual 


18 Wheeler and Hoffman: loc. cit. 
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manner and obtained in the form of prisms, which melted at 255° 
with decomposition. A mixture of this salt and the hydrochloride 
obtained by reduction of nitrobenzalhydantoin (above) melted 
at the same temperature. 















Calculated for 
ANALYSIS: CroHunONs. HCl: Found: 
a a aor TRE em RN Le ED 17.39 17.36 


14.70 14.61 





4-Paradiazobenzylhydantoin Ethylxanthogenate. 
NH—CO 


| ' 
CO 
: 


NH—CHCH,C,.H,N : N -SCSOC,H; 










The hydrochloride of 4-aminobenzylhydantoin was dissolved 
in dilute hydrochloric acid containing exactly one molecular 

proportion of hydrochloric acid and then diazotized at 0° to 5° by Hh 
addition of the required amount of sodium nitrite. An excess of 
potassium xanthogenate was then dissolved in water and the 
solution added slowly to the diazonium solution. The diazo- 
xanthogenate separated at once as a voluminous yellow precipi- 
tate and was separated by suction filtration and washed with cold ; 
water. This compound is extremely unstable and gradually loses 
its nitrogen, being converted into the ethylxanthogenate of ben- ¢ 
zylhydantoin described below. No definite decomposition point A) 
could be assigned to this compound. After drying in a desiccator 2 
over sulphuric acid for one day it decomposed at about 80°, on the 

second day at 115° and after drying one week the decomposition 

point was 140° to 150°. 







eal ieeeeatane ork 
Ni gage og 












Paraethylxanthogenate-4-benzylhydantoin. 
NH—CO 


| 


Co { 









NH—CHCH,C-H,:-SCSOC,H; 





This compound was formed when the preceding diazonium com- 
pound was allowed to stand at ordinary temperature or when 
quickly heated at 90°. It was obtained as a brown powder, which 
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melted, without purification, at 150° with effervescence. It was 
purified for analysis by crystallization from methyl alcohol and 
separated in plates, which melted at about 170° with effervescence. 


Calculated for 


ANALYsIs (Kjeldahl): CisHisOsN2S:: Found: 
II 


I 
DW nk We Fea Ue Sule Xr ren oe eed 9.03 9.06 9.01 


Thiotyrosinehydantoin. 
NH—CO . 


| 


CO 


| 


NH—CHCH.C,H,SH 


This compound is formed by saponification of the above xan- 
thogenate. This is accomplished not only by treatment with 
alkali but also by digestion with water. In fact it is not necessary 
to isolate the xanthogenate for the preparation of the hydantoin 
but to heat the diazonium compound in its own reaction fluid. 
Nitrogen is evolved, the xanthogenate is decomposed and thio- 
tyrosinehydantoin is formed smoothly in one operation. The 
hydantoin is difficultly soluble in water or hydrochloric acid and 
separates, on cooling, in needles. It was purified for analysis by 
crystallization from 95 per cent alcohol and melted at 248° to 249°. 


Calculated for 


ANALYsIs (Kjeldahl): C1oH1002N2S: Found: 
I II Ill 


12.61 12.55 12.31 12.58 


Molecular weight determination by the ebulliscopic method: 

1. 0.2427 gram substance in 15.0 grams glacial acetic acid raised boiling 
point 0.23°. 

2. 0.3636 gram substance in 15.0 grams glacial acetic acid raised boiling 


Calculated for 
Ci0H1002N28: Found: 
II 


I 
178 204 


Disulphide of Thiotyrosine. 
CH, ° C.H, ° Ss ° S.- C.H, E CH, 


| 


CHNH: CHNH: 


COOH COOH 
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Three grams of thiotyrosinehydantoin were digested with 50 
grams of barium hydroxide in 100 cc. of water for twenty hours. 
Barium carbonate was formed and ammonia was evolved. The 
barium was precipitated as sulphate by addition of a slight excess 
of sulphuric acid and the clear solution concentrated to a small 
volume. On cooling, the sulphate of this disulphide separated. 
It was purified by recrystallization from dilute sulphuric acid and 
separated in minute, colorless prisms arranged in burrs. In order 
to obtain the free amino-acid the sulphate was digested with water, 
when the salt underwent dissociation and the disulphide separated. 
This compound is extremely insoluble in water and melts at 278° 
with decomposition. It does not give Millon’s test for tyrosine. 

Directions for Preparing this Disulphide directly from the 
Hydrochloride of 4-Para-aminobenzylhydantoin: Forty grams of 
the aminobenzylhydantoin hydrochloride are carefully diazotized 
and the required amount of potassium xanthogenate added 
to the solution as described above. The yellow diazonium 
compound is then separated by filtration on a Buchner funnel, 
washed well with cold water and then transferred with water to a 
large Kjeldahl flask. The mixture is then warmed carefully to 
expel the nitrogen and finally boiled for thirty hours with 5 parts 
of barium hydroxide dissolved in hot water. In this manner the 
hydantoin ring is completely hydrolyzed, the xanthogenate is 
decomposed and the disulphide of thiotyrosine is formed. The 
barium carbonate is then filtered off, washed with water and the 
filtrate combined with sufficient dilute sulphuric acid to precipitate 
the excess of barium and combine with the disulphide of thio- 
tyrosine to form the sulphate. This acid filtrate is then concen- 
trated on the steam bath until the sulphate begins to separate from 
the hot solution and then cooled. Most of the sulphate deposits 
here and is separated by filtration. In order to obtain the pure 
amino-acid this salt is then dissociated by warming with water. 
More of the acid is obtained by cautiously adding ammonia to the 
sulphuric acid filtrate until the solution is distinctly alkaline and 
finally acidifying with acetic acid. The solution is then evaporated 
to dryness and the amino-acid separated from inorganic and 
organic salts by trituration with cold water. The yield of the 
amino-acid is about 90 per cent of the theoretical. It can be 









. 
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purified by recrystallization from hot water. It is, however. 
extremely insoluble in this solvent. 


Carbon and hydrogen determinations: 0.1611 gram substance gave 0.3244 


gram CO, and 0.0780 gram H,0. 
Sulphur determination (Carius): 0.1038 gram substance gave 0.1250 gram 
BaSO,. Nitrogen determinations (Kjeldahl): 


Calculated for 
CisH20OsN28e: 


I 
55.10 54.92 
5.10 5.37 
7.14 7.09 7.14 7.15 
16.33 16.49 


The Properties of the Disulphide of Thiotyrosine: This com- 
pound does not give the reaction of Adamkiewicz, Millon’s test 
nor the biuret reaction. It likewise gives no blue color with 
ferric chloride solution. Its behavior towards concentrated sul- 
phuric acid is, however, very characteristic. When the amino-acid 
or uny of its salts is dissolved in this reagent and the solution is 
heated a beautiful purple color is produced. This color is de- 
streyed by dilution of the acid solution with water. In fact this 
color test for thiotyrosine is as delicate and characteristic for 
thiotyrosine as the Millon’s test is characteristic for tyrosine. 
Furthermore the characteristic test for each acid is not inhibited 
by the presence of the other acid. This observation is of impor- 
tance because it is thus possible to test tyrosine for the presence of 
small traces of thiotyrosine. If found as a cleavage product of 
proteins it would probably accompany tyrosine because of its 
insolubility in water. The acid melts with decomposition at 
about 278° depending on the mode of heating. It is practically 
insoluble in all the common organic solvents except acetic acid. It 
is difficultly soluble in boiling water and separates, on cooling, in 
corpuscular crystals resembling in crystalline form that of isobar- 
bituric acid. It combines with picric acid, hydrochlorplatinic acid, 
mercury chloride and phosphotungstic acid forming insoluble salts. 
No one of these, however, were characteristic and therefore were 
not examined. The acid dissolves in cold aqueous ammonia, 
sodium hydroxide and sodium carbonate solutions. 

Sulphate of the Disulphide of Thiotyrosine, CigH2oO,NeSe. H2S0,: 
This salt crystallizes from dilute sulphuric acid in tufts of micro- 
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scopic crystals. It undergoes dissociation when dissolved in water 
and the amino-acid separates. It was dried for analysis in a 
vacuum desiccator over sulphuric acid and calcium chloride. 











Calculated for 
AnaLysis (Kjeldahl): CisH200«NaSz. H2SOx: Found: 
5.85 
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Hydrochloride, CisH2oO,N2S2.2HCl: This salt crystallizes from 
hydrochloric acid in burrs of minute needles and decomposes at 
278°. This salt likewise undergoes dissociation when dissolved 
in water. It was dried for analysis in a desiccator over potassium 
hydroxide. 









‘ Calculated for 
ANALYSIS: CisH2004N2S2. 2HC!: Found: 


I II 


15.04 









15.27 15.28 





Ginetees< 


Dibenzoyl Derivative of the Disulphide of Thiotyrosine, 






CH,-C.H,-S-S-C.H,-CH; 















CH-COOH CHCOOH 
| 


NHCOC,H; NHCOC,H; 








Sixty-three hundredths of a gram of anhydrous sodium carbon- 
ate was dissolved in 15 cc. of water and 1 gram of the disulphide 
suspended in the solution. Two molecular proportions of benzoyl- 
chloride were then added and the mixture shaken until the odor of 
benzoylchloride entirely disappeared. The benzoyl compound 
was formed and separated as a colorless, crystalline solid. After 
filtering, washing with dilute hydrochloric acid and finally with 
water, the compound was then dried at 100°. The crude product 
was then digested with petroleum ether to remove benzoic acid 
and dried at 100°. The yield was 1.5 grams. The acid crystal- 
lizes from glacial acetic acid in prisms or clusters of needles and 
decomposes at about 200° with effervescence. A mixture of this 
compound and the disulphide of thiotyrosine melted at 179°. 
When digested with hydrochloric acid the benzoyl compound is 
decomposed and the disulphide of thiotyrosine, melting at 278°, 
is formed. 
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Calculated for 
Cs2H2sO6N2S8:: 


ANALYsis (Kjeldahl): 
N 


Hydantoin of Thiotyrosine Disulphide, 
NH—CO CO—NH 


| | 


CO CO 


| 


NH—CHCH.C,H,S.C,;H,CH,CH—NH 


This compound was formed by the action of potassium cyanate 
on the hydrochloride of thiotyrosine disulphide. It could not 
be obtained in a crystalline condition and decomposed at about 


278°. 
Calculated for 
Ana.ysis (Kjeldahl): C2oHisOuNaSs: 


Thiotyrosine. 
HS.C,H,.CH,.CH.(NH:).COOH. 


This acid is formed by reduction of its disulphide with tin and 
hydrochloric acid in alcoholic solution. After the reduction was 
complete, the tin and excess of hydrochloric acid were removed in 
the customary way and the acid solution of the amino-acid con- 
centrated and cooled. The hydrochloride of thiotyrosine separated. 
The yield was good and in one experiment we obtained 5.7 grams of 
the salt from 5 grams of the disulphide. This salt crystallized 
from 20 per cent hydrochloric acid in tufts of colorless, pointed 
prisms, which melted at 249° with effervescence. It was dried 
for analysis in a desiccator over potassium hydroxide. 


: Calculated for 
ANALYSIS: CsHnO2NS. HCl: Found: 


I I 


NG Ae ikattads's Bic Ant ayaa hac’ sie 15.20 15.17 15.28 


In order to obtain thiotyrosine this hydrochloric acid salt was 
dissolved in a small volume of water and ammonia cautiously added 
to combine with the hydrochloric acid. Thiotyrosine separated 
as an amorphous, colorless solid. It was separated as usual, 
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quickly washed with water and dried in a desiccator over sulphuric 
acid or calcium chloride. It melted without further purification 
at about 250° to a yellow oil with effervescence. This melting 
varies according to the mode of heating. 







Ana.ysis: Carbon and hydrogen determinations: 0.1308 gram substance 
gave 0.2631 gram CO, and 0.0674 gram H,0. 
Sulphur determination (Carius): 0.1134 gram substance gave 0.1314 gram 









BaSOQ,. 
Nitrogen determination (Kjeldahl): 
Calculated for 
CsHnO2NS8: Found: 
I Il Ill 

Chee, wetiet ss ik eae. See 54.59 
oie cis Risthla ds dnc bieiine ss 5.58 5.73 
ae i er ares” Ee ie is 16.24 15.87 






7.04 










Properties of Thiotyrosine. Thiotyrosine is practically insoluble 
in methyl or ethyl alcohol, petroleum ether, acetone, benzene and 
carbon bisulphide. It dissolves in hot water and glacial acetic 
acid. It cannot, however, be purified by recrystallization from 
water because of its instability. It slowly undergoes oxidation 
under these conditions and, on cooling the solution, the disulphide 
or a mixture of the disulphide and thiotyrosine deposits. The 
acid melts at 249° to 250° with decomposition while the disulphide 
melts at 279°. It does not give Millon’s test for tyrosine, and 
reacts with sulphuric acid giving the same purple color as is 
formed by action of this acid on its disulphide. Attempts to 
prepare a characteristic benzoyl derivative were unsuccessful. 

The Preparation of Thiotyrosine from 1-Phenyl-4-para-amino- 
benzylhydantoin: Seven grams of 1-phenyl-4-para-aminobenzyl- 
hydantoin were dissolved in dilute hydrochloric acid and con- 
verted into its diazonium salt by addition of the required 
amount of sodium nitrite. An excess of potassium xanthogenate 
was then dissolved in water and this solution added slowly to the 
cold diazonium solution. The xanthogenate (XX XI) separated at 


C.H;N——CO 



















CO 








NH—CHCH: -C.H,N : NSCSOC,H; 
XXXI 
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once as a bulkly, yellow solid. This was then separated by filtra- 
tion, washed with water and finally suspended in 200 cc. of water 
in a Kjeldahl flask. On warming this mixture nitrogen was evolved 
and the corresponding xanthogenate (X XXIII) formed. This 


CsHsN—CO 


| 


CO 


NH—CHCH,C,.H,SCSOC:Hs 
XXXII 


compound was not isolated, but 75 grams of crystallized barium 
hydroxide were then added and the mixture boiled on a sand 
bath, with reflux condenser, for thirty hours. Barium carbonate 
was formed and aniline and volatile sulphur compounds were 
evolved. The aniline was expelled by distillation with steam, the 
barium carbonate filtered off and the excess of barium precipitated 
from the filtrate by addition of an excess of dilute sulphuric acid. 
On concentrating this acid solution and cooling the sulphate of the 
disulphide of thiotyrosine separated. The disulphide was obtained 
in the manner described above by dissociation of this salt with 
water. It crystallized from hot water in tufts of minute crystals 
which melted at 278°. When mixed with some disulphide, pre- 
pared from tyrosine hydantoin, this melting point was not altered. 
The acid also gave the characteristic purple color when warmed 
with concentrated sulphuric acid. The yield was 65 per cent of 
the theoretical. Two grams of this disulphide were reduced to 
thiotyrosine by means of tin and hydrochloric acid. After 
removal of the tin the acid was then obtained in the form of its 
hydrochloric acid salt, which melted at 248° with effervescence. 
It was dried for analysis in the air. 


Calculated for 


ANALYSIS: CsHuO2NS. HCI: - 
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As was pointed out in previous papers! the quantitative deter- 
mination of total cholesterol in small amounts by the Ritter method 
was found to be inadequate, not only by myself but also by other 
authors.2, The source of inaccuracy of the method was found to 
lie in the fact that an excess of sodium alcoholate prevents a quan- 
titative extraction of cholesterol. If this source of error were elim- 
inated it was hoped that we might have a method at our disposal 
which could be used for the quantitative estimation of cholesterol, 
as, from a chemical standpoint, Ritter’s method seemed best 
adapted for avoiding the troublesome interference occasioned by 
the formation of soaps in shaking out the cholesterol by means of 
ether. Another point of importance in the quantitative deter- 
mination of cholesterol was the fact that in the saponification we 
must be assured that sufficient sodium alcoholate has been used to 
completely saponify all the fats and the cholesterol-esters. In the 
original Ritter method we are restricted in the use of the saponify- 
ing agent, as, when this is used even in slight excess, a considerable 
loss of cholesterol may result. The aim of this paper, then, is to 
point out a way to surmount these difficulties and determine choles- 
terol gravimetrically within milligrams. 

The gravimetric methods recommended for the determination 
of cholesterol are numerous but have been worked out mainly for 
determining large amounts, and in many cases have not been suffi- 





















1 Corper: this Journal, xi, p. 37, 1912; xi, p. 27, 1912. 
* Corper: Journ. of Exp. Med., xv, p. 429, 1912; Baldwin: this Journal, 
iv, p. 213, 1908; Waldemar Koch (personal interview) was unsuccessful in 
the use of Ritter’s method on brain tissues. 
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ciently well controlled to rule out all possibilities of error. Only 
such literature will be cited as has a direct bearing upon the work 
given in this paper. 


Gérard and Verhaeghe’ saponified the fats by means of alcoholic potash, 
passed carbon dioxide into this mixture, evaporated the saponified mixture 
to dryness in the presence of sand and extracted this mixture with anhydrous 
ether. The ethereal extract was then fused with benzoic anhydride and 
cholesterol determined as cholesterol benzoate. All the figures are given 
on the basis of 100 grams, moist weight, so that it is impossible to say how 
accurate this method is. Gérard‘ examined 70.9 liters of urine for choles- 
terol by evaporating it to dryness after mixing with sand, extracting the 
dried mixture in a Soxhlet by means of anhydrous ether, the ethereal extract 
dissolved in alcohol saponified by means of potash, carbon dioxide then 
passed into this, the potassium carbonate filtered off, the filtrate evapor- 
ated to dryness and extracted by means of ether. This extract weighed 
0.544 gram and contained 0.011 gram of impure cholesterol. 


Where only small amounts of material are to be examined for 
cholesterol, not sufficient for a gravimetric analysis, the colori- 
metric methods may be of service. Two of these have been recom- 
mended, one on the basis of the Salkowski reaction and the other 
using the Liebermann reaction. 


Weston,‘ in a thorough piece of work with pure cholesterol, found that the 
Salkowski reaction was serviceable for the quantitative determination of 
small amounts of pure cholesterol, the best colors for comparison being 
obtained between 0.1 mgm. and 0.25 mgm. 

Grigaut® used the Liebermann reaction for the quantitative determination 
of cholesterol after extracting and saponifying. He says the reaction is 
best between 0.1 and 3.0 mgm. The method’ is not serviceable when iso- 
cholesterol, etc., are present. In a second® modified method the author 
puts 2 cc. of serum, or 0.1 to 1.0 gram of fresh ground tissue, and 20 cc. of 
1 per cent soda in 50 per cent alcohol into a 90 ce. flask. This is placed in a 
water bath for fifteen to twenty minutes, cooled and extracted with ether; 
the ether extract is evaporated and dissolved in chloroform for the test. 
By this means Grigaut says he obtains figures comparable to gravimetric 
figures. 


3 Gérard and Verhaeghe: Journ. de pharm. et de chim., iii, serie 7, p. 385, 
1911. 

‘ Gérard: Compt. rend. soc. biol., xx, serie 22, p. 998, 1911. 

5 Weston: Journ. of Med. Res., xxvi, p. 47, 1912. 

6 Grigaut: Compt. rend. soc. biol., lxviii, serie 16, p. 791, 1910. 

7 [bid., |xviii, serie 17, p. 827, 1910. 

8 Ibid., |xxi, serie 33, p. 513, 1911. 
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EXPERIMENTAL PART. 





Ritter® adds 100 ec. of alcohol to 50 grams of fat, brings the mix- 
ture to a boil on a water bath and then adds to this 160 cc. of sodium 
aleoholate described by Kossel and Kriiger.!° The alcohol is 
then evaporated off on the water bath, salt is added in amount 
equivalent to about one and a half times the weight of fat taken 
(to prevent the extraction of soaps by ether) and enough water so 
that the residue goes into solution. This is then dried on the water 
bath with constant stirring, and then at 80°C. in a drying oven. 
It is pulverized, put into a sulphuric acid desiccator for a short 
time, then into an extraction thimble and is extracted in ‘a Soxhlet 
apparatus with ordinary ether for nine hours. ‘The ether extract 
is shaken out with water to remove glycerin, then dried, dissolved 
in hot alcohol, precipitated by means of water, the precipitate 
dried at 100° to 120°C., and weighed. 

Since, as shown in my previous paper, an excess of sodium alco- 
holate prevents thorough extraction of cholesterol from the salt 
mixture, and an excess is absolutely essential to guarantee com- 
plete saponification, it was found necessary to remove sodium . 
alecoholate from the field of action and at the same time not to 
introduce a factor or a chemical which would liberate the fatty 
acids from soaps. Fatty acids being ether-soluble our results 
would otherwise never be quantitative. This difficulty was over- 
come by using carbon dioxide in order to form sodium hydrogen 
carbonate, which is weakly alkaline and cannot liberate the fatty 
acids from the soaps; whether it would likewise prevent a quantita- 
tive extraction of cholesterol from the salt mixture had to be deter- 
mined. For this purpose pure cholesterol was used and the entire 
process carried through as follows: 




























Duplicate samples of cholesterol, 0.100 gram, were dissolved in 10 cc. of 
absolute alcohol by heating on the water bath. After complete solution 
40 ce. of 5 per cent sodium alcoholate were added and the mixture further 
heated for about fifteen to twenty minutes, cooled, allowed to stand over 
night (this was all done in a large beaker, 500 cc. or 1 liter, Jena glass), then 
about 100 ce. of water added and through this was passed a slow stream of 
carbon dioxide gas from a Kipp generator for from three to five hours. The 

















* Ritter: Zeitschr. f. physiol. Chem., xxxiv, p. 461, 1903. 
'© Kossel and Kriiger: ibid., xv, p. 321, 1891. 
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mixture was then warmed and poured into an evaporating dish and 20 to 30 
grams of table salt added, the entire mixture evaporated to dryness on the 
water bath with stirring and, when dry, quantitatively transferred to a 
Soxhlet thimble, to be further dried at 100°C. in adrying ovenforan hour or 
two and then cooled in a desiccator. This mixture was extracted for seven 
to nine hours in a Soxhlet apparatus with ether (anhydrous), the ether 
extract (diluted to 100 to 300 cc.) shaken out with three changes of distilled 
water (200 to 500 ec.), the combined water again shaken out with about 50 
to 100 cc. of ether and this ether further washed with two more changes of 
water. The combined ethers were evaporated to dryness in a large beaker 
and then, when of small volume, transferred to a small weighed beaker, 
dried at 100°C. and weighed. Recovered: Experiment 1A, 0.104 gram; 
Experiment 1B, 0.101 gram. 

Two other samples were analyzed, using 0.100 gram of pure cholestero! 
through which carbon dioxide had been passed for only about two and a half 
hours. Recovered: Experiment 1C, 0.095 gram; Experiment 1D, 0.093 
gram. 
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As a result of the above experiments we can say that carbon diox- 
ide passed into the saponified mixture will successfully remove 
the sodium alcoholate so that it will not interfere with the quanti- 
tative extraction of cholesterol from the soap-sodium chloride 

_ mixture in the Soxhlet apparatus. In order to assure the removal! 

of all the sodium alcoholate, however, the carbon dioxide should 

be passed into the mixture for at least three hours, preferably for 
five hours. 

To determine whether cholesterol could be recovered quanti- 
tatively from large amounts of fat, the following experiments were 
carried out: 














EXPERIMENT 2A. 0.100 gram of pure cholesterol was mixed with 8 cc 
of olive oil, the mixture dissolved in 20 cc. of absolute alcohol and saponified 
with 50 cc. of 5 per cent sodium alcoholate, allowed to stand over night, car- 
bon dioxide added to saturation, etc., as above. Recovered: 0.147 gram of 
cholesterol. 

EXPERIMENT 2B. Duplicate of Experiment 2A, with the exception that 
5 ec. of olive oil were used. Recovered: 0.129 gram of cholesterol. 

Unfortunately the olive oil used contained cholesterol but if we consider 
the amount used the results are quantitative, as in the first case, from 8 
ec. of olive oil, 47 mgm. of cholesterol were recovered, and from 5 cc., 29 
mgm., which is about five-eighths of 47 mgm. 












From these experiments we can conclude that by this method 
cholesterol may be recovered quantitatively even from fatty mix- 
tures poor in cholesterol. 
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Determinations on different tissues were made, using human 
liver and dog’s spleen. 







Analysis of human liver for cholesterol.™ 





EXPERIMENT 3. 3.77 grams of the fatty extract of human liver (tissue 
extracted in a Wiley apparatus by means of hot alcohol and hot ether), 
divided into two equal parts after solution in hot absolute alcohol, was 
analyzed for cholesterol by the above method, using 10 cc. of sodium 
aleoholate for saponification. Recovered: A, 0.103 gram; B, 0.100 gram of 
cholesterol. 

EXPERIMENT 4. 2.38 grams of fatty extract from human liver, divided 
into two equal parts, was analyzed, using for saponification 40 cc. of sodium 
aleoholate. Recovered: A, 0.088 gram; B, 0.089 gram of cholesterol. 

EXPERIMENT 5. In order to see whether there was any marked difference 
in duplicates when using on one (A) 10 cc. of sodium alcoholate and on the 
other (B) 40 ce. of sodium alcoholate, 1.57 grams of the alcohol-ether 
extracts of human liver were divided into equal parts and analyzed. Recov- 
ered: A, 0.066 gram; B, 0.069 gram of cholesterol. 

The thorough agreement in these results can further be seen when they 
are tabulated to show the percentage of cholesterol in the three different 
livers, Experiments 3, 4 and 5, on the basis of these analyses. The figures 
express percentages of dry weight of liver tissue. 













Experiment 4 Experiment 6 
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As a result of these analyses we can conclude that the above 
method is applicable to the quantitative determination of choles- 
terol in the fats of the liver and that an excess of sodium alcoho- 
late may be used to insure complete saponification, as the passage 
of carbon dioxide prevents the detrimental action of sodium alcohol- 
ate later in the process and does not affect the yield. 










Analysis of dog spleen for cholesterol. 





EXPERIMENT 6. 70 grams of dog spleen, moist weight, were thoroughly 
ground up and extracted with hot alcohol and ether in a Greene extraction 
apparatus, and the total fats, 2.98 grams, dissolved in 250 cc. of hot abso- 








1! The fats for these analyses (Experiments 3, 4 and 5) were obtained from 
Mr. E. R. Long, to whom I am indebted for their use in connection with this 
work. The description of these livers and complete chemical analyses will 
be published by him at a later period. 

2 Greene: this Journal, vii, p. 503, 1910. 
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iute alcohol. Two 100 cc. portions of this (A and B) were taken for gravi- 
metric analyses for cholesterol and 50 cc. for the determination of choles- 
terol by Weston’s method." 

A. This sample of fat was saponified by means of 10 cc. of 5 per cent so- 
dium alcoholate and the resultant ether extract from the Soxhlet apparatus 
was cloudy and yellow. On shaking out the ether with water there was 
found to be present a large amount of soap which frothed and also prevented 
a rapid separation of the ether water layers. The yield was also higher than 
in the following experiment, a fact which may be accounted for by the diffi- 
culty in thorough separation. Recovered: 0.177 gram of cholesterol. 

B. Duplicate of A but saponified by means of 40 cc. of 5 per cent sodium 
alcoholate. The ether-water separation was rapid and perfect, absolutely 
no frothing, and even the shaking water was clear, as was also the super- 
natant ether layer. Recovered: 0.162 gram of cholesterol. 


The product recovered from the above tissues (liver and spleen) 
was of a pale yellow color and was composed of typical crystals 
which gave the ordinary cholesterol reactions. 

As a result of the experiments on the spleen we can say that an 
excess of sodium alcoholate, when using this method, is rather an 
advantage since it prevents the possibility of incomplete saponi- 
fication and soaps are less liable to be extracted by the ether. 
Numerous other gravimetric analyses for cholesterol have been 
carried out by this method, but mainly on cholesterol-rich mate- 
rials, and the method has proved satisfactory in these cases also. 
On the basis of this work the following method is recommended 
for the quantitative gravimetric determination of total choles- 
terol (cholesterol-like compounds) in tissues. 

The sample of tissue, about 30 grams or more, is thoroughly 
extracted by means of hot absolute alcohol, then with ether; the 
extract is then evaporated to dryness, taken up in about 200 cc. 
of hot absolute alcohol, divided into two equal parts for duplicates, 
evaporated to 10 to 20 cc., saponified by means of an excess of 5 
per cent sodium alcoholate (20 to 30 cc. should be enough for the 
fats from 15 grams of moist tissue) and kept on the water bath 
for about fifteen to twenty minutes or until saponification is com- 
plete, and then kept at room temperature over night. This may 
all be carried out in a large Jena glass beaker of about 500 cc. 
capacity. About 100 cc. of distilled water is added and a moder- 
ate stream of carbon dioxide passed into this mixture long enough 


13 Weston: loc. cit. 
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to insure complete saturation (three to five hours). The mixture 
is warmed and poured into a large evaporating dish and 20 to 30 
grams of ordinary table salt added and the entire mixture evapor- 
ated to dryness on the water bath, with occasional stirring (stirring 
is only necessary toward the end of the drying process to prevent 
too much lumping which interferes with thorough drying and 
satisfactory pulverizing). The dried residue is now pulverized 
in a mortar and put into an extraction thimble and dried further 
for an hour or two at 100°C. in a drying oven, at the end of which 
time it is allowed to cool in a desiccator. When cool it is ex- 
tracted in a Soxhlet apparatus by means of anhydrous ether (dis- 
tilled over sodium) for from seven to nine hours. At the end of 
this time the ether extract is transferred to a large separatory 
funnel, 500 cc. or 1 liter capacity, diluted to about 100 cc. with 
ordinary ether (C.P.) and shaken out with three changes of dis- 
tilled water (200 to 500 cc.); this total watery extract to be again 
shaken out with another portion of ordinary ether (C.P.), about 
100 ce., and the ether washed with two changes of distilled water. 
The total ether extracts, which contain the cholesterol and choles- 
terol-like substances of the tissue, are now evaporated to dryness, 
first by placing wnder an electric bulb (16 C.P.) and finally dried 
for an hour or two at 100°C., cooled in a desiccator and weighed. 


Colorimetric comparisons. 


Weston’s description of his colorimetric method applies only to 
pure cholesterol; it was therefore thought desirable to make a few 
tests with the available material from tissue extracts to see 
whether the colorimetric method would agree with the gravimetric 
method. For this purpose the remaining 50 cc. of the above spleen 
fats (Experiment 6) were divided into two 25 cc. portions, one por- 
tion evaporated to dryness and dissolved in chloroform and the other 
saponified by means of 2 cc. of 5 per cent sodium alcoholate, treated 
with carbon dioxide, evaporated to dryness, extracted with chloro- 
form, filtered and diluted to a known volume. These chloroform 
solutions were then compared with standards made with pure 
cholesterol as directed by Weston. The 0.1 mgm. standard solutions 
agreed in color with the 0.2 cc. of a 1:100 dilution of the fats from 
the spleen. This represents a total of 0.5 gram in the entire 250 
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ce. of absolute alcohol solution, as compared to about 0.4 gram 
obtained by the gravimetric method. The saponified and unsapon- 
ified fats agreed exactly in color. 

Colorimetric analyses were also made upon the fats of the human 
livers used in Experiments 3, 4 and 5, with the following results: 

The 0.15 mgm. cholesterol standard agreed in color with 0.1 cc. 
of a 1:100 dilution in chloroform of the fats of Experiment 3A, 
making a total of 150 mgm. of cholesterol colorimetrically as com- 
pared to 103 mgm. found gravimetrically. 

The 0.15 mgm. cholesterol standard agreed in color with 0.05 cc. 
of a 1:100 dilution in chloroform of the fats of Experiment 4 A, 
making a total of 300 mgm. of cholesterol colorimetrically as com- 
pared to 88 mgm. found gravimetrically. The 0.1 mgm. choles- 
terol standard agreed in color with 0.05 cc. of a 1:75 dilution in 
chloroform of the fats of Experiment 5A, making a total of 150 
mgm. of cholesterol colorimetrically as compared to 66 mgm. 
found gravimetrically. 

These colorimetric analyses of the fats of the spleen and liver 
do not correspond at all with the figures obtained by the gravi- 
metric method. 


SUMMARY. 


1. The error occasioned in the determination of cholesterol by 
the Ritter method by the use of an excess of sodium alcoholate in 
saponifying the fats, as reported in a previous paper,“ has been 
successfully overcome by neutralizing the sodium alcoholate by 
means of carbon dioxide gas. 

2. As a result of this a method is recommended for determining 
total cholesterol and cholesterol-like substances in tissues, which 
is accurate within milligrams, as determined by analysis of pure 
cholesterol, cholesterol in olive oil, cholesterol from the fats of the 
liver and from the fats of the spleen. 


14 Corper: this Journal, xi, p. 37, 1912. 
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Phenylalanine, CsH;CH2CH(NH2)COOH, has been synthesized 
by several different methods. Arranged chronologically, they 
are as follows: 

Method 1. By the action of ammonia on the nitrile of a- 
hydroxy-6-phenylpropionic acid and then hydrolysis of the result- 
ing amino-nitrile.' 

Method 2. By reduction of the oxime of phenylpyruvic acid.” 

Method 3. Benzaldehyde is condensed with hippuric acid 
when the lactimide of benzoylaminocinnamic acid is formed. 
This is then hydrolyzed and reduced to the benzoyl derivative of 
phenylalanine and the latter converted by hydrolysis into the 
amino-acid.* 

Method 4. By heating cinnamic acid or its esters with hydrox- 
ylamine.*‘ 

Method 5. The benzyl group is introduced into diethyl] phthali- 
midomalonate, by alkylation, and the resulting phthalimido deriva- 
tive then converted into the amino-acid by hydrolysis. 



















‘Erlenmeyer and Lipp: Ann. d. Chem. (Liebig), ccix, p. 194; Ber. d. 
deutsch. chem. Gesellsch., xv, p. 1006. 

2 Erlenmeyer: Ann. d. Chem. (Liebig), cclxxi, p. 169; Knoop and Hoessli: 
Ber. d. deutsch. chem. Gesellsch., xxxix, p. 1477. 

*Pléchl: Ber. d. deutsch. chem. Gesellsch., xvi, p. 2815; xvii, p. 1623; 
Erlenmeyer: Ann. d. Chem. (Liebig), cclxxv, pp. 3, 18. 
‘Posner: Ber. d. deutsch. chem. Gesellsch., xxxvi, p. 4312. 
5 Sérensen: Zeitschr. f. physiol. Chem., xliv, p. 448. 
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206 Synthesis of Phenylalanine 


Method 6. From brombenzylmalonic acid. This is converted 
into the monobasic acid by heating and the latter then heated 
with ammonia.® 

Method 7. From benzalhydantoin, which is obtained by con- 
densation of benzaldehyde with hydantoin. This hydantoin is 
then converted into the hydantoin of phenylalanine, by reduction, 
and the amino-acid then obtained by hydrolysis with barium 
hydroxide.’ 

The various changes involved in these seven different methods 
of synthesis are represented by the formulas given on the follow- 
ing page. 

Of these different methods of preparation, method 7 is undoubt- 
edly the most practical when hydantoin is available. It requires 
only three operations ( two if hydriodic acid is used as a reducing 
agent), and the yield of amino-acid is excellent. The only draw- 
back is the cost of the hydantoin. While the preparation of 
this reagent is not difficult, nevertheless its synthesis involves 
the preparation of glycocoll or its ethyl ester and also the use of 
potassium cyanate, which is an unstable salt and oftentimes is 
not available in large quantity because of its cost. In this paper 
we shall describe a method for the synthesis of phenylalanine, 
which does not require the use of hydantoin and hydriodic acid. 
We use potassium thiocyanate, instead of potassium cyanate’, 
and tin and hydrochloric acid as the reducing agent. 

In a previous paper from this laboratory,’ it has been shown 
that 2-thio-3-benzoylhydantoin (II) is formed smoothly by the 
action of potassium thiocyanate on hippuric acid (I). We now 
find that this hydantoin condenses with benzaldehyde forming 
practically a quantitative yield of the corresponding benzalhy- 
dantoin (III). When this acyl hydantoin (III) is warmed with 
hydrochloric acid the benzoyl group is removed and the same 
benzalthiohydantoin (VI) is formed as is obtained by condensing 
benzaldehyde with 2-thiohydantoin!® (VII). The isomeric 1- 


6 Fischer: Ber. d. deutsch. chem. Gesellsch., xxxvii, p. 3064. 

7 Wheeler and Hoffman: Amer. Chem. Journ., xlv, p. 368. 

8’ Potassium cyanate is about nine times as expensive as potassium thio- 
cyanate (Kahlbaum’s quotations). 

® Johnson and Nicolet: Journ. Amer. Chem. Soc., xxxiii, p. 1973. 

10 Wheeler, Nicolet and Johnson: Amer. Chem. Journ., xlvi, p. 456; John- 


son and Nicolet, loc. cit. 
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benzoy1-2-thio-4-benzalhydantoin has also been prepared.“ The 
thiohydantoin (VI) is desulphurized by digestion with chloracetic 
acid, in aqueous solution, giving the corresponding hydantoin 
(V), and is also transformed quantitatively, by reduction with 
sodium amalgam, into the thiohydantoin of phenylalanine (IX). 
This thiohydantoin (IX) is likewise easily desulphurized by means 
of chloracetic acid, and, by hydrolysis with boiling barium hydrox- 
ide solution, is transformed quantitatively into phenylalanine 
(X). Using sodium amalgam as the reducing agent, this synthesis 
therefore requires five operations as follows: 


: , oa ae ‘ pan 
Hippuric acid ——> 3-benzoy]-2-thiohydantoin ——— 3-benzoy]-2-thio- 
(3) (4) 
4-benzalhydantoin ———— 2-thio-4-benzalhydantoin ————> 2-thio-4-ben- 
(5) “$ 
zylhydantoin ———> phenylalanine. 


We have now made the interesting observation that it is not 
necessary to isolate 3-benzoyl-2-thio-4-benzalhydantoin (III) 
or 2-thio-4-benzylhydantoin (IX). The condensation product 
(IIT) is at once converted into benzalthiohydantoin (VI) and 
the latter is then reduced with tin and hydrochloric acid. In 
this manner the double bond is not only reduced smoothly, but 
the hydantoin ring is also destroyed and phenylalanine is formed 
quantitatively in one operation. Therefore by using tin and 
hydrochloric acid as the reducing agent our synthesis requires 
only three operations and potassium thiocyanate can be used in 
place of potassium cyanate. The starting point in our new 
synthesis and in Erlenmeyer’s (method 3) is hippuric acid, but 
the latter condenses the acid directly with the aldehyde, while 
we first transform the acid into the thiohydantoin (II) and then 
apply an aldehyde condensation. Erlenmeyer’s synthesis involves 
four operations while ours requires only three as follows: 

Hippuric acid iin benzoylthiohydantoin i benzalthiohydan- 


(3) 
toin ———— phenylalanine. 


Erlenmeyer’s Synthesis. 


, , . (1) i eat. , : (2) 
Hippuric acid ———— lactimide of benzoylaminocinnamic acid ————> 


‘ ; : (3) P (4) 
benzoylaminocinnamic acid ———~benzoylphenylalanine ———— pheny!- 
alanine. 


1 Wheeler, Johnson and Nicolet: loc. cit. 
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If hippuric acid is not available glycocoll can be converted 
smoothly into 2-thiohydantoin by the action of potassium thio- 
cyanate” and the benzalthiohydantoin prepared by condensation 
with benzaldehyde. These various transformations are repre- 
sented by the following structural formulas: 


CsH;CONH- CH, -COOH 
I 











L 













NH—CO NH—CO 
eg Sees Se Aa 
C.H,CO-N—-CH; C.H;CON —C:CHC,H; 
i Il 
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NH—CO NH—CO NH—CO NH—CO 2 
CO | annie: OD |} «-—— cs | Game OF { 
NH—CH; NH—C:CHC.Hs NH—C:CHC.Hs NH—CH, 
IV V VI | VII 
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NH—CO NH—CO 0 

co | ——__——— CB 

NH—CHCH.C,H; NH—CHCH.C,H; 







VII 7 IX 






S a 
C;.-H;CH,CH(N H,) COOH 
X 







We shall continue our investigations on thiohydantoins. 


EXPERIMENTAL PART. 







The 3-benzoyl-2-thiohydantoin used in this work was made, 
according to the directions of Johnson and Nicolet, by the action 
of potassium thiocyanate on hippuric acid.“ 











72 Johnson and Nicolet: loc. cit. 
3 Loc. cit. 
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Condensation of Benzaldehyde with 3-Benzoyl-2-thiohydantoin. 





Four grams of the thiohydantoin, 5.6 grams of benzaldehyde 
and 8 grams of fused sodium acetate were dissolved in 16 cc. of 
glacial acetic acid and the solution heated to boiling, in an oi! 
bath, for three hours. The solution was then cooled and diluted 
copiously with water when a yellow solid separated, which was 
very insoluble in water and alcohol. This was soluble in warm, 
dilute sodium hydroxide solution and on cooling, yellow prismatic 
crystals separated. These were purified by crystallization from 
water. When heated in a capillary tube the substance shriveled 
at 85° and at 88-89° decomposed with slight effervescence forming 
an oil. On continued heating this oil partially solidified at 115- 
120° and then did not melt when heated to 260°. It contained 
sodium and a nitrogen determination agreed with the calculated 
value for the 















Sodium Salt of Benzoylbenzalthiohydantoic Acid. 





NH, 


| 


CS 





COONa 













CsH:CO: N——-C: CHC¢H; 


Calculated for 
CyvHw03N28Na: Found: 


8.22 
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When hydrochloric acid was added to an aqueous solution of 
this sodium salt the benzoyl group was split off as benzoic acid 
and 2-thio-4-benzalthiohydantoin'* was formed. It crystallized 
from alcohol in prisms melting at 258°. From 4 grams of the 
benzoylthiohydantoin we obtained 3.5 grams of this benzalhy- 
dantoin or 94 per cent of the theoretical yield. 













ANALYsIs (Kjeldahl): 


Calculated for 
CieoHsON3S: 





4 Johnson and Nicolet: loc. cit. 
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Desulphurization of 2-Thio-4-benzalhydantoin. 







This hydantoin was converted quantitatively into 4-benzal- 
hydantoin® by digestion with a 20 per cent aqueous solution of 
chloracetic acid. The hydantoin crystallized from alcohol in 
needles which melted at 220°. 









2-T hio-3-acetyl-4-benzylhydantoin. 






NH—CO 


CS 








CH;CO 7 N——CH . CH.C,H; 





Two grams of phenylalanine and 1.5 grams of anhydrous potas- 
sium thiocyanate were dissolved in a mixture of 8 cc. of acetic 
anhydride and 1 cc. of glacial acetic acid and the solution warmed 
on the steam bath for thirty minutes. A yellow solution was 
obtained, which was diluted with about five volumes of water. 
This hydantoin separated as an oil, which soon crystallized in the 
form of plates. It was purified by crystallization from alcohol 
and melted at 257°. The yield was quantitative. 















Anatysis (Kjeldahl): 
Calculated for 
C2Hi202N28: Found: 


War a4 vcs 05s sepaennhexaseetenpausiat ees 11.47 11.35 







2-Thio-4-benzylhydantoin. 
NH—CO 
| | 

Cs | 

a 


NH—CHCH.C,H; 


| 





















This hydantoin was obtained by hydrolysis of the preceding 
acetyl thiohydantoin with hydrochloric acid. It was purified by 
crystallization from dilute alcohol and separated in needles, which 
melted at 185°. 


ee 











1’ Wheeler and Hoffman: Amer. Chem. Journ., xlv, p. 371. 
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Anatysis (Kjeldahl): 
Calculated for Found: 
CicHwON2S: I 8] 


13.59 13.52 13.40 


This same hydantoin is also formed smoothly by reduction of 
2-thio-4-benzalhydantoin. with sodium amalgam. 


Desulphurization of 2-Thio-4-benzylhydantoin. 


This hydantoin was converted quantitatively into the hydantoin 
of phenylalanine by digesting this for one hour with a 25 per cent 
solution of chloracetic acid. It crystallized from water in prisms, 
which melted at 190° to a clear oil. 


The Formation of Phenylalanine by Reduction of 2-Thio-4-benzal- 
hydantoin with Tin and Hydrochloric acid. 


Eight and five-tenths grams of 2-thio-4-benzalhydantoin and 
10 grams of tin were suspended in dilute alcohol and hydrochloric 
acid gas passed into the alcohol (warm) until all the tin and hydan- 
toin dissolved. After allowing to stand for from eight to ten 
hours the clear solution was then evaporated to dryness and the 
residue dissolved in water. The tin wasremoved completely by pre- 
cipitation as sulphide and the filtrate again concentrated to a 
small volume and the hydrochloric acid neutralized by addition 
of ammonia. Pure, colorless phenylalanine separated and melted 
at 260-262°. The yield was nearly quantitative. 

ANALysis (Kjeldahl): 


Calculated for 
CoHuO2N: 


2-Thio-4-anisalhydantoin. 
NH—CO 


| 


CS 


| 


NH—C: CHC,.H,OCH; 


Six and five-tenths grams of 3-benzoyl-2-thiohydantoin, 11 
grams of anhydrous sodium acetate and 4 grams of anisic aldehyde 
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were dissolved in 22 cc. of glacial acetic acid and the solution 
heated in an oil bath at 150° for two hours. The condensation 
product separated on cooling. After trituration with an excess 
of water the crude hydantoin was separated by filtration. This 
was dissolved in alkali and the warm solution acidified with 
hydrochloric acid when the above hydantoin separated. It was 
purified by crystallization from 50 per cent alcohol and melted 
at 257° to a black oil with decomposition. 
















ANALysis (Kjeldahl): 
Calculated for 
Ci;HwOeN2S: Found: 


SR ip tne een TOR bop OE Oe, ce heehee 11.91 12.0 






2-Thio-4-piperonalhydantoin. 
NH—CO 





CS 










NH—C:CHC,H,0.: CH: 






From piperonal and 2-thio-3-benzoylhydantoin. It is very 
insoluble in alcohol, water and glacial acetic acid and decomposes 
when heated above 285° giving a dark oil. The hydantoin dis- 
solves in concentrated sulphuric acid giving a deep purple solution. 












ANALysIs (Kjeldahl) ; 


Calculated for 
Ci,HsO3N28: Found: 


RLGs UWE nad din keGhadriadess bales eek 6% 11.2 11.06 
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STUDIES IN BACTERIAL METABOLISM. 


By ARTHUR I. KENDALL anp CHESTER J. FARMER. 





(From the Laboratories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School.) 








(Received for publication, June 15, 1912.) 





This work is a direct continuation of that described in previous 
communications.! In this series of experiments the sparing action 
of carbohydrate for protein is again quantitatively brought out. 
B. proteus and B. coli are the only organisms of those described here 
which have been previously investigated by us. The analytical 
results with these two strains bear out those obtained with the 
strains reported in the first and second papers of these studies. 

B. mesentericus, a and b, are respectively two strains of the 
same organism. One of them was obtained from milk, the other 
was isolated from the feces of a young baby which had been fed 
upon this milk. Culturally the two strains are identical; chemi- 
cally their proteolytic and fermentative powers are also practically 
identical as may be seen from an inspection of the table. Both 
of these organisms broke down about 25 per cent of the total 
protein nitrogen of the medium in which they were grown to 
ammonia in the sugar-free broth in seven days; while in the cor- 
responding sugar broth, only 1.5 per cent of the total protein was 
broken down to ammonia in seven days. That is to say, more 
than sixteen times as much protein was broken down to ammonia 
in the sugar-free broth as was the case in the dextrose broth in 
the same length of time. 

The growth curve of the diphtheria bacillus, shown by the 
rate and amount of ammonia formation in the sugar-containing 
and sugar-free broth, is quantitatively like that of the typhoid 
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and dysentery bacilli, and needs no further comment. It will 
be remembered that in sugar-free broth the diphtheria bacillus 
produces a strong extracellular toxin, while in broth containing 
utilizable sugar there is little or no toxin formed; the slight excess 
of ammonia formed in the sugar-free broth becomes significant 
when interpreted in the light of this remarkable difference in 
toxicity between purely protein broth and broth containing both 
protein and sugar which can be fermented by the diphtheria 
bacillus. 

Micrococcus aureus (Staphylococcus pyogenes aureus) brings out 
a new factor in bacterial metabolism. It will be seen that this 
organism brings out a progressive acidity even in sugar-free broth. 
The bacteria described previously in this series of studies pro- 
gressively form alkali in this medium, with the single exception 
of the Shiga bacillus. We believe that this acidity is due to the 
fermentation of the carbohydrate radical of the protein molecule 
(Witte’s peptone) by this organism, Micrococcus aureus. Pick 
has shown that that fraction of Witte’s peptone which may be 
salted out between 66 and 100 per cent saturation with ammonium 
sulphate contains a relatively large amount of a substance react- 
ing chemically like a true carbohydrate. It would appear likely 
that the Micrococcus aureus acts selectively upon this carbohydrate 
fraction of the peptone molecule. This acid reaction produced 
in the so-called “sugar-free” broth increases progressively to 
the sixth day of growth. During this time the ammonia produc- 
tion increases very slowly; hardly more is produced than in the 
broth containing sugar, in fact. On the eighth day the reaction 
in the sugar-free broth becomes strongly alkaline, and this alka- 
line reaction increases in intensity to the end of the experiment. 
This abrupt change in reaction from acidity to alkalinity, to- 
gether with the sudden increase in ammonia formation, can be 
explained satisfactorily on the assumption that the carbohydrate 
radical of the protein is practically exhausted on the sixth day, 
and that this exhaustion of the carbohydrate leaves the organism 
free to attack the protein both for structural and fuel purposes. 

This result, therefore, perplexing as it seemed at first, appears 
in reality to furnish an unexpected confirmation of the theory 
that carbohydrate which is utilizable protects protein from bac- 
terial attack to a considerable degree. 
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TABLE 1. 
Broth D. 
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This brings to light a previously unobserved feature of bac- 
terial metabolism, namely, the ability of certain bacteria to appro- 
priate certain definite constituents of the protein molecule, leaving 
the remainder but little acted upon, at least, until the more desir- 
able portion is largely exhausted. 

Micrococcus aureus, the Shiga bacillus and Streptococcus pyogenes 
appear to have a specific affinity for the carbohydrate radical 
of the protein molecule (Witte’s peptone) in the absence of dex- 
trose or of other utilizable sugar not forming an integral part of 
the protein molecule. 





STUDIES IN BACTERIAL METABOLISM. IV. 


By ARTHUR I. KENDALL, CHESTER J. FARMER, EDWARD 
P. BAGG, JR. anp ALEXANDER A. DAY. 


(From the Laboratories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School.) 


(Received for publication, June 15, 1912.) 


In the third paper of our series of studies on bacterial metab- 
olism,! attention was specifically directed to the fact that Micro- 
coccus aureus, B. dysenteriae (variety Shiga) and Streptococcus 
pyogenes produced acid in so-called sugar-free media, while the 
other organisms hitherto investigated produced alkali in this 
medium. In that communication we outlined what appeared to 
be the most logical explanation of this phenomenon, namely, that 
these bacteria, or at least the strains of themavailable at that 
time, actually exerted a selective action upon that portion of 
Witte’s peptone (an important constituent of the media used for 
this purpose) which Pick has shown to contain a carbohydrate 
radical. This observation is a new one, and throws additional 
light upon bacterial metabolism and the way in which certain 
micro-organisms can actually utilize the carbohydrate radical of 
protein, for it will be remembered that Witte’s peptone is made 
from fibrin. In order to demonstrate that this is a general feature 
of organisms of this particular type, we have isolated a series of 
cultures including streptococci from scarlet fever, from the vagina, 
from septicemia and from cellulitis, the pneumococcus and a 
new strain of Mic. aureus. ‘These coccal forms have been studied 
with this particular object in view. In addition to the study of 
reaction and ammonia production in sugar-free broth, we have 
followed the change in reaction and rate of ammonia formation 
in dextrose broth as well. The rate of fermentation of dextrose 
in dextrose broth has also been followed as an additional check 
upon our results. 


1 This Journal; xii, p. 215, 1912. 
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The tables show that all of the streptococci studied, excep: 
34, which scarcely grew in the medium free from dextrose, pro- 
duced at least some acid in the sugar-free medium. The increase 
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in acidity, although slight in some strains, was perfectly definite, 
and agrees essentially with the observation made upon the strepto- 
coccus Mentioned in our previous communication.’ 

Mic. aureus shows correspondingly a greater acidity in plain 
broth, followed by a decided alkalinity, again confirming our 
previous observations with this organism. 

The very unusual amount of acid developed by Streptococcus 
34 and 23, amounting to 9 cc. of normal acid per 100 cc. of media, 
is noteworthy. Both of these organisms break down about 
75 per cent of the dextrose originally present in the medium in 
nine days. 

The sparing action of dextrose, although very slight (due to 
the presence of a carbohydrate radical in the peptone used in 
the sugar-free medium, which protects the remainder of the pro- 
tein from bacterial attack), is nevertheless distinct. The growth 
curve of the streptococci is very similar to that of the other patho- 
genic organisms discussed previously. The negative ammonia 
phase, mentioned in our first studies, is also clearly shown, par- 
ticularly during the first days of growth. 
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In a series of experiments by Baer and Blum! the authors pre- 
sent evidence to the effect that the subcutaneous injection of glu- 
taric acid has the power of greatly reducing the amount of sugar ; 
and nitrogen in the urine, and also to greatly diminish or cause 
the entire disappearance of the acetone and 6-oxybutyricacid 
from the urine in phlorhizin glycosuria. In their experiment XIII, 

on giving 7 grams of glutaric acid, the nitrogen was reduced from 
6.6 grams to 2.7 grams, the sugar from 19.5 to 2.5 grams, the ace- 
tone from 0.5299 to 0.0118 gram, the 6-oxybutyric acid from 1.948 
grams to zero. In experiment XV, the nitrogen was reduced from j 
8.51 to 0.49 gram in twenty-four hours, the sugar from 20.5 to 1.0 
gram, acetone from 0.4312 to 0.1176 gram, and B-oxybutyric acid 
from 4.316 grams to 0.074 gram. 

The authors also make the observation “je starker die Zucker- 
ausscheidung und je schwerer die Stoffwechselstérung, die sich in 
Acidose kundgibt, um so ausgesprochener die Wirkung der Saure 
ist. Bei starker Acidose und hoher Zuckerausscheidung nach 
grossen Phlorhizindosen vélliger Schwund des Zuckers und der 
Oxybuttersdure bei starkem Absinken der Stickstoffausscheidung.”’ 

The authors further express the belief that the glutaric acid 
has the power of preventing the formation of sugar, and conse- 
quently its elimination, by preventing the conversion of non- 
carbohydrate bodies into glucose. Since they state (p. 100), 
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1 Baer and Blum: Beitr. z. chem. Physiol. u. Path., x, p. 80, 1907. 
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‘Fir eine Zuckerbildung aus Fett im tierischen Organismus liegen 
iiberzeugende Tatsachen zurzeit nicht vor,’ it is evident that 
they believe that the glutaric acid prevents the conversion of 
amino-acids into glucose. 

With the above experiments as a foundation, the authors per- 
formed many others which were published in subsequent papers? 
in which they draw far reaching conclusions with regard to the 
metabolism of substances chemically related to glutaric acid. 

Baer and Blum used animals that had been phlorhizinized by 
single injections of phlorhizin per day. In the experiments cited 
above, 1.5 grams of phlorhizin were injected per day. On differ- 
ent occasions, Lusk and his pupils* have shown how little relia- 
bility can be placed in experiments on phlorhizinized dogs which 
are not completely under the influence of the drug. The truth of 
this is shown very plainly in the experiments of Baer and Blum, 
in which they failed to get any increase in the sugar elimination 
after-feeding glycocoll, alanine, lactic acid and glutamic acid, all 
substances which have been shown beyond any doubt to be con- 
verted into glucose.‘ 

With this in mind, and at Professor Lusk’s kind suggestion, 
experiments were undertaken to study the influence of glutaric 
acid on completely phlorhizinized animals. 

Meruops: The animals were allowed to fast for two days prior 
to the commencement of and throughout the experiment. The 
animals were kept in suitable metabolism cages. The urine was 
separated in twelve or twenty-four-hour periods (as indicated in 
the tables) by catheterization. Merck’s phlorhizin was used and 
was administered in 2 gram doses, three times a day, dissolved in 
25 cc. of 1.5 per cent Na,CO; solution. The glutaric acid was pre- 
pared by Kahlbaum. The nitrogen was determined by the Kjel- 
dahl-Gunning method, sugar by Allihn, ammonia by Folin, ace- 
tone by Huppert-Messinger, 8-oxybutyric acid by Magnus-Levy 
and total acidity by Folin’s method. ~- 





? Baer and Blum: Beitr. z. chem. Physiol. u. Path., xi, p. 102, 1908; Arch. 
f. exp. Path. u. Pharm., |xv, p. 1, 1911. 

3 For the latest reviews of the literature, see Lusk: Phlorhizinglykosurie, 
Ergeb. d. Physiol., xii, 1912. /3 
‘ Mandel and Lusk: Amer. Journ. of Physiol., xvi, p. 129, 1916; Ringer and 


Lusk: Zeitschr. f. physiol. Chem., \xvi, p. 106, 1910. 
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The results of the experiments are as follows: 








Dog 6. Twenty-four-hour periods. 









GLU- r 
DATE PERIOD WEIGHT NITROGEN aaa D:N REMARKS 





December, 1911 
13 VI 1 
14 VII | 1 


18.0 60.2 3.38 

2 21.1 70.3 3.33 Ten grams of glu- 
taric acid neu- 
tralized with 
NaHCO; given 
subcutaneously 
in three doses 
during course 
of day. 





bo bo 















Vill 11.9 19.7 66.2 | 3.36 









Dog 7. 


Twenty-four-hour periods. 





January, 1912 







18 I 13.87 16.9 63.0 3.73 

19 II 17.9 65.5 3.66 Ten grams glu- 
taric acid as 
above. 

20 _ Dog in good condition. Experiment discontinued for 





external reasons. 






Dog 22. Twelve-hour periods. 













a 3) Bi ans 
i z2 = aioe 
| = <@ > a9 
| o - o 2 
‘Geena ei Be |8 1351 4 
2 S f° o Zz, ° Saf, na 2%r ; 
& a Ss 2 } a ee) Boo 95 Es - 
a Fy 3 a mia "|e te = 
May ime; 
1912 
is | I | 5.8 | 21.7 | 3.76 0.36 | 0.28 2.4 320.0 
19 III 12.9 | 6.7 23.7 3.54 0.36 0.30 3.2 384.0 Ten 
| grams 
| | . 
| glutaric 
acid as 
| above. 
19 vy | 6.5 | 22.5 | 3.46 0.39 | 0.29: 2.1 348.0 






These three experiments show conclusively that glutaric acid 
has not the influence attributed to it by Baer and Blum. In none 
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of the experiments was there any diminution in any of the urinary 
constituents; in fact, a slight increase can be seen on glutaric acid 
days. In dog 22 there is a distinct increase in the B-oxybutyric 
acid after the administration of glutaric acid. 

How can the differences of our results and those of Baer and 
Blum be explained? There are two possible answers. It may have 
been due to the presence of some impurity in their glutaric acid 
which affected the general metabolism to a very considerable 
extent and may thus account for the marked disturbance in the 
nitrogen elimination (0.49 gram per twenty-four hours), or it 
may have been due to the inadequacy of their methods as already 
described. It is very likely that the same misleading factors 
which operated in obscuring the effects of glycocoll, alanine, lactic 
acid, etc., operated in their glutaric acid experiments. 


SUMMARY. 


Glutaric acid is shown to have no inhibitory effect on the action 
of phlorhizin. It does not reduce the sugar or nitrogen elimina- 
tion in phlorhizin glycosuria. It does not diminish the acetone 


bodies in the urine. 
Attention is called to the inaccuracy of the methods employed 


by Baer and Blum and to the misleading results. 
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When the common saprophytic molds are grown on suitable 
fluid culture media, a dense turgid mycelium usually results in the 
course of one or two weeks. If now the culture is left undisturbed 
for several weeks longer the turgidity of the cells gradually dis- 
appears until finally the whole mycelium can be disintegrated by 
simply shaking the flask. This change in cell structure is evi- 
dently due to autolysis, and must therefore be accompanied by 
chemical changes which alter the composition of the substratum. 
Of these changes, that which the protein undergoes may be con- 
sidered as perhaps the most typical and the most easily demon- 
strated. 

A series of experiments was undertaken in order to determine 
in what way and to what extent these autolytic changes affected 
the nitrogen content of the culture medium. It will be noted 
that the experiments herein described differ from those usually 
carried on to illustrate autolysis, in that the term is more com- 
monly applied to the changes observed in plant or animal tissues 
whose vitality has been destroyed by some antiseptic. 

In our experiments no antiseptic was used. In either case 
the essential change taking place is the digestion of the tissue by 
enzymes that survive the death of the cell. Where the autolysis 
occurs in the presence of living cells, however, there is a possibility 
also that the autolytic products may be accompanied by excre- 
tory products. In our own experiments it seems unlikely that 
such was the case to any considerable extent. In all probability 
metabolic activity ceases soon after the organism has exhausted 
the carbohydrate from the medium and the culture is alive only 
in the sense that it contains spores capable of germinating under 
proper conditions. 
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Autolysis of Mold Cultures 


(a) 
1§ (b) 


5 ieee 
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Age of Culture in Weeks. 
Fig. 1. PENICILLIUM EXPANSUM. 





Milligrams Nitrogen in Medium. 
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PENICILLIUM EXPANSUM ASPERGILLUS NIGER 
AGE OF a) VS es St eee BR 
ousces Total N in Ammonia N in Total N in | Ammonia N in 
ri medium medium medium | medium 
weeks mgm. mgm. mgm. | mgm. 
0 40.7 40.7 40.7 | 40.7 
1 7.9 4.9 13.2 10.4 
2 a ao oe ee 
3 a 10.0 ee 18.8 
4 ee 11.8 | 3.9 | 18.8 
5 15.2: 10.4 | 23.6 | 16.3 
6 16.3 10.4 | 7.5 | 21.3 
7 16.8 10.5 28.8 | 22.8 
8 18.5 13.2 29.2 | 23.0 
—EEE — —_ — I — 
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Age of Culture in Weeks. 
Fig. 2. ASPERGILLUS NIGER. 
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The cultures used in these experiments were grown on a medium 
consisting of sucrose and salts, the nitrogen being entirely in 
the form of ammonium acid tartrate. In the first experiment a 
number of 200 cc. Erlenmeyer flasks of uniform bottom, each 
containing 50 cc. of the medium, were sterilized and heavily 
inoculated with spores. The flasks were set away in a dark place 
of a fairly uniform temperature. At the end of each week the 
cultural characteristics were noted and the contents of one flask 
taken for analysis. The culture fluid was filtered and the mycel- 
ium washed with distilled water. The filtrate was then diluted 
to a definite volume and aliquot portions analyzed for total nitro- 
gen by the Kjeldahl method and for ammonia by distillation with 
magnesium oxide. 

These results are more clearly illustrated by the preceding 
figures (1 and 2). The curves designated (a) represent the total 
nitrogen in the medium, those designated (b) the ammonia nitrogen. 

In figure 2 it will be noticed that the nitrogen in the medium 
does not reach as low a minimum as in figure l. Evidently the 
actual minimum is attained some time between the first and second 
determinations, and is therefore not indicated on the curve. The 
validity of this explanation is shown by the following data, repre- 
sented graphically in figure 3. In this experiment the organism 
was grown in 300 cc. flasks on 100 cc. of a medium containing half 
the amount of nitrogen. The minimum for ammonia here repre- 
sents more nearly the actual minimum. 


ASPERGILLUS NIGER 


AGE OF CULTURE 





Total N in medium Ammonia N in medium 
weeks mgm. mgm. 
0 37.5 37.5 
1 7.0 2.3 
2 1.8 
3 12.0 5.2 
4 21.0 10.2 
5 22.1 15.1 
6 27.4 15.4 
7 24.4 | 17.2 
8 26.6 | 17.8 
9 27.4 19.3 
26 27.8 18.5 
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| 















Autolysis of Mold Cultures 


When the nitrogen in 
the medium is present in 
the form of nitrate, the 
mold grows equally well 
and shows the same cul- 
tural characteristics. The 
nitrogen nearly all disap- 
pears from the medium, 
then reappears in the form 
of ammonia and other solu- 
ble substances. In the fol- 

Br TG Oe, lowing experiment, A sper- 
easlen cca ases: gillus niger and Penicillium 
Fic. 3. ASPERGILLUS NIGER. camemberti were grown 


upon 100 cc. of medium containing potassium nitrate as the 
source of nitrogen. The following tables indicate that the nitrate 
radical soon disappears and is then replaced by ammonia and 
other nitrogenous substances, the nature of which has not yet 
been determined. Indeed it would appear that the nitrate is 
first converted into some other form of nitrogen before assimila- 


tion takes place. 


Milligrams Nitrogen in Medium. 








ASPERGILLUS NIGER PENICILLIUM CAMEMBERTI 


AGE OF i = j 
CULTURE Total Nin) Ammonia Nitrate Nin Total Nin A™™MOD18 = Nitrate N in 
in N in medium 


medium nena medium medium nidtaen 


mgm. 
30.0 
2.4 
none 
none 
none 
none 
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3 
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mgm. 
30.0 
2.4 
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none 
none 
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10.6 
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8.4 
17.4 
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These experiments all indicate that during the first week or two 
the mold assimilates most of the nitrogen and subsequently re- 
stores a large part of this nitrogen to the medium. In examining 
the curves, the fact must be taken into consideration that each 
determination represents an individual culture. Irregularities in 
the curve may therefore be due to indeterminate cultural varia- 
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tions. Thus the dip in the curves in figure 2 at the end of the 
fifth week and in figure 3 at the end of the seventh week should 
not be interpreted as a departure from the general trend of the 
entire curve. In seven or eight weeks an equilibrium is established 
after which the nitrogen in the medium appears to remain constant. 
In the second experiment with Aspergillus niger, the determinations 
made at the end of the twenty-sixth week agreed very closely with 
those made at the end of the eighth week. This organism restored 
about three-fourths of the nitrogen, which it had assimilated, to 
the medium, principally in the form of ammonia. The remainder 
of the nitrogen which is still retained by the mycelium, represents 
nitrogen present in the spores and probably also in some chitin- 
like substance or glucosamine complex which does not undergo 
autolytic change. 

Determinations of total nitrogen including both medium and 
mycelium at the beginning and end of the experiments showed 
that no nitrogen had been assimilated from the atmosphere. 
It should be mentioned also that the volatile base liberated by 
magnesium oxide was prepared from a culture of Aspergillus niger 
six weeks old and identified as ammonia by means of the double 


salt with platinic chloride. 


Calculated for : , 
(NHa)2 PtCle: Found: 


Sa Caw Ore othe dds a otc ah 4's 0 aC 43 .42 
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It has been shown by one of us (Robertson)! that a substance 
closely resembling paranuclein A? both in its properties and its 
C, H and N content can be formed from the filtered products of 
the complete peptic hydrolysis of an approximately 4 per cent 
neutral solution of potassium caseinate by the action of pure pepsin 
(Griibler’s pepsin puriss. sicc.) at 36°C. In the publications 
referred to above, evidence has been brought forward to show 
that in this case we have a real synthesis of protein from the prod- 
ucts of its hydrolytic cleavage. The solution of the products of 
the peptic digestion of casein which was employed in the following 
experiments was prepared as follows: 













To 6 liters of ; sodium or potassium caseinate were added 2 grams of 
Griibler’s pepsin puriss. sicc. which had been previously dissolved in a 
little water; this solution, after thorough mixing, was allowed to stand at 36° 
for ten days, 2 more grams of pepsin being added after the first four days 
(in the presence of toluol) and was then sterilized by steam at 100° and fil- 
tered through hardened filter-paper. -To the filtrate were then added 2more 
grams of pepsin, dissolved, as in the previous cases, in a little water, toluol 
introduced, and the solution was again allowed to stand at 36° for from 
seven to eight days; it was then again sterilized by steam at 100° and filtered 
through hardened filter-paper. The filtrate thus obtained is of a clear yel- 
low color with little or no opalescence and gives no trace of a precipitate 





















1T. Brailsford Robertson: this Journal, iii, p. 95, 1907; v, p. 493, 1909; 
viii, p. 287, 1910; Robertson and Biddle: ibid., ix, p. 295, 1911. 

* Paranuclein A is formed from paranuclein of casein by the splitting off 
of phosphoric acid in alkaline solution (cf. Salkowski and Hahn: Arch. f. d. 
ges. Physiol., lix, p. 225, 1895; T. Brailsford Robertson: this Journal, iii, 
p. 95, 1907. 
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nor of opalescence upon the addition of acetic acid either before or after 
neutralization with alkali; hence both casein and paranuclein are complete|, 
absent from the solution. 


The synthetic paranuclein A was prepared from this solution of 
the products of peptic digestion in the following manner: 


Eighteen hundred cubic centimeters of the filtered products of the com- 
plete peptic hydrolysis of a 4 per cent solution of casein in *, sodium hydrate, 
free from substances precipitable by acetic acid either with or without pre- 
vious addition of alkali, were evaporated to 300 cc. To this solution were 
added 130 ce. of 10 per cent pepsin (Griibler’s puriss. sicc.) and the mixture 
was set aside at 36° in the presence of excess of toluol. Within twenty-four 
hours a precipitate had appeared in the fluid. After five days the precipi- 
tate was collected on a filter and washed with water until the washings were 
colorless. About 200 cc. of water containing 30 cc. of 7; sodium hydrate 
were then poured into the filter and the contents agitated while the drip- 
pings were caught in about an equal volume of water containing75cc. of + 
acetic acid. The resultant precipitate was collected on a filter, washed with 
water, 2 liters of 99.8 per cent alcohol and 1 liter of ether (a@.N.d.) and 
dried at 36° over calcium chloride and then at room temperature over sul- 
phuric acid. The substance thus obtained was a friable white powder very 
faintly tinged with yellow. 


Elsewhere we show’ that pure casein or paranuclein will sensitize 
guinea pigs for anaphylactic intoxication by either of these sub- 
stances and apparently indiscriminately. Rabbits immunized 
by repeated injections of casein produce a potent antiserum with 
marked precipitins and fixation antibodies for casein and, to a 
somewhat less extent, for paranuclein. A much less potent anti- 
serum was produced by paranuclein with no precipitins for either 
casein or paranuclein but with distinct fixation antibodies for para- 
nuclein only. Certain of these experiments are herewith summa- 
rized and compared with others that were carried through syn- 
chronously with synthetic paranuclein A and with the products of 
peptic digestion. 


ANAPHYLAXIS EXPERIMENTS. 
Guinea pigs were sensitized by subcutaneous injections of solu- 
tions of peptic digestion products, of synthetic paranuclein A 


and of paranuclein. The two latter products were dissolved in 
physiological saline containing 3.6 ec. of 3; KOH to 100 ec. The 


’F. P. Gay and T. Brailsford Robertson: Journ. of Exp. Med., in press. 
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lec. 3 per cent 
paranuclein 


- Control 


1 ce. 3 per cent 
paranuclein 


1 ce. 3 per cent 
paranuclein 


'1 ce. 3 per cent 
paranuclein 


Control 


| Synthetic para- 
nuclein A, 3 per 
cent, l ce. | 
Synthetic para- 
- nuclein A, 3 per 
| eent, 1 ec. 
| 1 cc. 3 per cent 
solution peptic 
| digestion. 
| 1 ee. 3 per cent 
| solution peptic 
digestion 
1 ec, 3. per cent 
| solution peptic 
| digestion 
| 


INTER- 


VAL 
days 
28 
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SECOND DOSE 
(INTRAVENOUSLY) 


1 ec. 1 per cent 
paranuclein 


1 ce. 1 per cent 
synthetic para- 
nuclein 

1 ce. 1 per cent 
synthetic para- 
nuclein 


1.5 ce. 1 per cent 
synthetic para- 
nuclein 

1 ce. 6 per cent 
solution peptic 
digestion 

1 ce. 6 per cent 
solution peptic 
digestion 

| 1 ce. 1 per cent 
paranuclein 


1 ce. 1 per cent 
synthetic para- 
nuclein A. 


| 1 ce. 1 per cent 

_ -paranuclein 

| 1 cc. 1 per cent 

| synthetic para- 
nuclein A. 

| 1 ce. 6 per cent; 
solution peptic 
digestion 
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animals were subsequently intoxicated by intravenous injection 
of one or other of the substances mentioned (table 1). 
TABLE 1. 


RESULTS 


Severe symptoms; 
chloroformed 2 
hours; hemor- 
rhages into per- 
itoneum. 

No symptoms; no 
lesions. 


Dead 45 minutes; 
immobilization 
of lungs; ex- 
tensive hemor- 
rhages in cecum 
and lungs. 

Severe symptoms; 
hemorrhages in 
cecum. 

Moderate prostra- 
tion; no lesions. 


Slight but dis- 
tinct symptoms. 


Severe symptoms 
for2hours. No 
lesions. 

Severe symptoms 
for 2 hours. 
Hemorrhagesin 
stomach. 

No symptoms; no 
lesions. 


No symptoms; no 
lesions. 


Slight agitation; 
no lesions. 
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These experiments are unequivocal. The products of the peptic 
digestion of casein have distinct intoxicating effects for normal 
animals, a property which is already well recognized in its relation 
to anaphylactic shock (Vaughan and Wheeler, Bied! and Kraus). 
They have, however, no antigenic property nor specific intoxicat- 
ing effect for animals sensitized by themselves or by paranuclein. 
Paranuclein and synthetic paranuclein A, however, have specific 
sensitizing and intoxicating properties and seem to react inter- 
changeably. In other words, the action of pepsin on the peptic 
digestion solution has produced a new product that is indistin- 
guishable from paranuclein by the anaphylaxis reaction. It would 
seem a true synthesized protein as claimed by Robertson. 

Experiments with a potent anticasein serum corroborate and 
extend these biological proofs. A strong antiserum to casein 
which gives a precipitin reaction with this substance in dilution of 
1-10,000 of a 1 per cent solution and a fixation reaction with 
1-100,000 was shown to produce almost equally strong reactions 
with paranuclein. A fixation reaction was tried with various 
dilutions of the solution of peptic digestion of casein, of synthetic 
paranuclein A and of paranuclein in conjunction with this serum. 
The uniform technical details of such an experiment follow: 


Antigenic mixtures: One per cent solutions with a total volume of 1 cc. 

Antiserum: 0.3 cc. (56°C.). 

Alexin: 0.1 cc. of mixed serum from several guinea pigs removed from the 
clot eighteen to twenty-four hours after bleeding. Dilution to 1 cc. in salt 
solution. Incubation with antigen and antibody at 37° C. for one hour. 

Hemolytic system: 1 cc. of a 5 per cent suspension of washed sheep’s 
blood containing four minimal hemolytic doses of a strong rabbit-anti-sheep 
serum. - . 

Positive fixation means complete absence of hemolysis after two hours at 
37°, followed by sedimentation over night in the ice box. 

Controls: Each antigenic dilution plus 0.3 cc. of inactivated normal 
rabbit serum. Antiserum with salt solution replacing antigen. These 
should hemolyze completely. 


The results may be tabulated as follows: 


Fixation reactions with anticasein serum No. 101: 


Paranuclein, 1 per cent solution; Positive 0.001 cc. (limit not reached). 
Synthetic paranuclein A, 1 per cent solution; Positive 0.001 cc. 
Peptic digestion products, 1 per cent solution; Negative 0.1 cc. 
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SUMMARY. 
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Paranuclein and synthetic paranuclein A (Robertson) derived 
from the products of complete peptic digestion of casein and syn- 
thesized by the action of pepsin at 36°C. are interchangeable as 
tested by reactions of anaphylaxis and of alexin fixation with an 
anticasein serum. ‘They have identical and specific antigenic 
properties that are not present in the original peptic digestion 
product. 
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ON PHOSPHOTUNGSTIC-PHOSPHOMOLYBDIC COM- 
POUNDS AS COLOR REAGENTS. 









By OTTO FOLIN anv W. DENIS. 


(From the Biochemical Laboratory of Harvard Medical School, Boston.) 
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In a recent preliminary communication Folin and Macallum 
showed that it is possible to make colorimetric uric acid determina- 
tions by means of the blue color which uric acid produces with a 
reagent which was supposed to be phosphotungstic acid. As the 
supply of reagent gave out and more was prepared by boiling 
sodium tungstate with phosphoric acid the products obtained : 
either failed to give the reaction or gave it so faintly as to be useless 
for quantitative work. 

Both phosphomolybdic and phosphotungstic acids have been ' 
used as qualitative reagents for uric acid! but no one, so far as we 
have been able to learn from the literature, has made more than a 
few casual qualitative observations on the subject or has made 
any effort to differentiate between phosphotungstic and phospho- 
molybdic acids. The latter has been used more than the former 
probably because phosphotungstic acid as ordinarily prepared is 
very unsatisfactory even for qualitative purposes. 

As the original reagent gave a fine reaction not only with uric 
acid but also with a great many phenol derivatives, including 
tyrosine, it seemed to us important to discover if possible how to 
procure a reliable supply of this interesting substance. The 
research has yielded some rather unexpected results. 

By means of a systematic series of combinations of phosphoric 
acid with sodium tungstate, with sodium molybdate and with 
various mixtures of the two, and by assaying the chromophoric 
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1 Offer: Centralbl. f. Physiol., viii, p. 801, 1894; Riegler: Maly’s Jahres- 
bericht, 1901, p. 98; 1902, p. 118; Moreigne: Ibid., 1905, p. 83; Cervello: Arch. 
f. exp. Path. u. Pharm., \xi, p. 434, 1909. 
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value of each preparation both with uric acid and with phenol 
derivatives, we have obtained first, a highly sensitive reagent for 
uric acid which does not react with monohydric phenols or their 
derivatives, such as tyrosine, and secondly, a preparation which is 
probably far more delicate than any color reagent yet known for 
phenol groups. The first is a phosphotungstic acid; the second is a 
phosphotungstic-phosphomolybdic compound. Both are doubt- 
less very complex compounds and we have made no attempt to 
isolate them in pure condition. The preparation of the reagents 
in solution is, however, a simple matter and that is after all for us 
the important point. 

1. The uric acid reagent. This solution contains 10 per cent of 
sodium tungstate and 16 per cent of phosphoric acid boiled together 
for about two hours. To 750 grams of water add 100 grams of 
the tungstate and 80 cc. of 85 per cent phosphoric acid (H;PQ,). 
Boil gently for two hours using a reflux condenser to prevent undue 
concentration, cool and dilute to 1 liter. Two cubic centimeters 
of this solution gives the maximum color obtainable with 1 mgm. 
of uric acid. 

2. The phenol reagent. This is a solution containing 10 per 
cent of sodium tungstate, 2 per cent of phosphomolybdic acid and 
10 per cent of phosphoric acid. To 750 grams of water add 100 
grams of sodium tungstate, 20 grams of phosphomolybdic acid 
and 50 cc. of phosphoric acid (85 per cent). Boil for two hours 
with a reflux condenser, cool and dilute to 1 liter. Two cubic 
centimeters will give the maximum color with 1 mgm. of tyrosine 
or uric acid. 

The only precaution necessary in the preparation of these rea- 
gents is to use products which are free from nitrates. Nitric acid 
interferes with the color reaction. In the preparation of the uric 
acid reagent the tungstate must of course contain no molybdate. 
In the use of these reagents it is to be noted that the active com- 
pound is quickly destroyed by alkalies, that the color is produced 
(with uric acid and phenols) only in alkaline solutions, yet is not 
obtained unless the alkali is added last. From these facts we con- 
clude that the active compound is probably reduced by the uric 
acid or phenol derivatives. in acid solution and that the reduced 
compound gives blue salts on adding the alkali. The blue color 
obtained is also not very stable in an excess of alkali; it gradually 
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fades and the stronger the alkali the quicker is the fading. The 
selection of the right alkali is therefore important, especially in 
quantitative work where we want the maximum as well as the 
most stable color. The best alkali for the purpose is sodium car- 
bonate. Potassium carbonate or ammonia cannot be used because 
they give precipitates with the reagents. The reaction is made as 
follows: 1 or 2 cc. of the reagent is mixed in a test tube with about 
the same volume of a solution containing the substance to be tested. 
An excess of saturated sodium carbonate solution (3-10 cc.) is 
then added producing the color at once. When only the most 
minute traces are involved solid powdered sodium carbonate is 
substituted for the saturated solution so as to avoid unnecessary 
dilution. 

When made in this way, making use of solid sodium carbonate, 
the test is unmistakably positive with solutions containing 1 part 
of uric acid in 500,000 parts of water and with 1 part of tyrosine 
in 1,000,000 parts of water. 

In order to obtain information as to the utility of the two rea- 
~ gents we have tried them with a large number of organic substances. 
Aliphatic compounds, such as acids, oxy-acids, amino-acids, car- 
bohydrates, ketones, aldehydes and amines do not give the reac- 
tions. The same is true of indol and its derivatives. In tables 
I, If and III are given a number of results obtained with phenol 
derivatives.? 

It is apparent that the uric acid reagent does not give a reaction 
with ordinary monohydric phenols except with those containing 
an amino group in the benzene ring, while it does react with di- 
and with poly-hydric phenols. Our phenol reagent on the other 
hand reacts with all oxybenzol compounds. We believe that 
the phenol reagent can advantageously be used as a substitute for 
Millon’s reagent in a great many cases, particularly in the study 
of protein materials, because it is far more sensitive to tyrosine 
than Millon’s (see the next paper) and the reaction comes at once 
and in the cold. 

Through the early investigations of Salkowski and of Baumann 
it is known that the urine of man and animals contains a number 


2 For many of these compounds we are indebted to the Department of 
Chemistry in Harvard College. 
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TABLE I. 





Monohydric phenols. _ 


URIC ACID 


NAME AND FORMULA OF SUBSTANCE TESTED REAGENT 





Phenol, C(H.OH.. 

Cussela, 0, m, p, CeHs,CH,OH 

Witreshenets, o, m, p, CeH,NO.OH.. 
p-Amino-phenol, CsHs;NH,OH.. 

Diethyl p-amino-phenol, C,H. (C;H,),NH,0H 
Tribromphenol, C;H.Br;OH 

Thymol, CsH2CH;OHCH(CHs)e.............. 
Carvacrol, CsH2z,CH;OHCH(CHs). 

Salicylic acid, CSH,;OHCOOH 

icainasies raadinadniamseeoe — 


TABLE Il. 


Dihydric phenols. 
este nacho — 
| URIC ACID 
REAGENT 


NAME AND FORMULA OF SUBSTANCE TESTED 


Siiieantiainn C.eH,(OH),2 

Resorcin, CsH,(OH):.. 

Pyrocatechin, C.H,(OH)s... rea] 
Trichlorhydroquinone, C,H,Cl,(OH)». ba aia 
Orcin, CsH;CH;(OH). 

Guaiacol, CsH,OCH;OH.. 

Resorcin-m-methy] ether, C,H,0C H,OH.. | 
Eugenol, C,H;0HOCH;CH.CH :-CH: a aoe =<] 
Vanillin, C;sH;OHOCH;CHO.................| 


L++4++4+444 | 


TABLE III. 


Trihydric phenols and other compounds. 


URIC ACID 


NAME AND FORMULA OF SUBSTANCE TESTED REAGENT 


byieteliad CiH3(OH)s... ais 
Phloroglucin, C.H;(OH);. Sl, 

Tannic acid, CsH;(OH);.. 

Adrenalin, C,H;(OH)xCH(OH)C HN HCH,.. 
Benzaldehyde, CsH;CHO.................... 
Morphine 

a-Naphthol, C;»H;OH 

Naphthylamine, C,;»H;NH2.................. 
Urie acid 


+i ++i 4444 


| 
PHENOL MILLON’s 
REAGENT | REAGENT 
| 


+++4+ P44 144 


| MILLON’s 
REAGENT 


PHENOL 
REAGENT 


+++++4+4+4+4 
+++++ 1 4+4+4 


MILLON’S 
REAGENT 


PHENOL 
REAGENT 


++t+++4+4+44 | 
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of phenol derivatives but since that time there have been no sys- 
tematic investigations of the subject. By qualitative tests with 
the above reagents we have satisfied ourselves that human urine 
contains polyphenol compounds even after several days’ fasting. 
More extensive investigations concerning the quantitative rela- 
tionship of the different classes of phenols and concerning their 
significance as metabolism products will be pursued in this labora- 
tory. 
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TYROSINE IN PROTEINS AS DETERMINED BY A NEW 
COLORIMETRIC METHOD. 
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The quantitative isolation of any one amino-acid from among : 
the heterogeneous mixtures obtained in the hydrolysis of protein . 
materials is beset with so many practical difficulties that any | 
chemical reaction which is specific for any amino-acid and suit- 
able for its quantitative estimation is apt to be valuable and 
merit investigation. In the preceding paper we described the 
preparation of a new reagent which in the absence of other phenol 
derivatives, is specific for tyrosine. Tyrosine is one of the least 
soluble amino-acids; its quantitative determination should there- 
fore be one of the most accurate, yet as a matter of fact the tyro- 
sine contents of protein materials reported in the literature differ 
so much as to clearly show that the determination of this substance . 
in amino-acid mixtures by way of its isolation in pure condition is 
at best a tedious and difficult task. 

In illustration of the above statement it may not be out of place 
to cite a few examples of the discrepancies in the results of the tyro- 
sine determinations reported by several of the most eminent 
workers in the field. The amount of tyrosine in zein prepared 
from maize is reported by Kutscher' as 10.06 per cent and by 
Osborne and Clapp* as 3.6 per cent. In vitelline from the hen’s ¥ 
egg Abderhalden and Hunter* report 1.6 per cent, while Osborne : 
and Jones‘ obtained 3.37 per cent tyrosine. Other examples, too 
numerous to mention, are to be found throughout the literature. 
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1 Zeitschr. f. physiol. Chem., xxxviii, p. 111, 1903. 
* Amer. Journ. of Physiol., xx, p. 477, 1908. 

* Zeitschr. f. physiol. Chem., xlviii, p. 505, 1906. 
* Amer. Journ. of Physiol., xxiv, p. 153, 1909. 
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Partly because of the large discrepancies in the analyses reported 
in the literature, partly because we hoped to be able to determine 
whether proteins contain other phenol derivatives than tyrosine, 
it seemed to us worth while to make ‘‘tyrosine’’ determinations 
by means of our new reagent in a few definite proteins. 

The method used for this colorimetric determination of tyrosine 
in proteins is as follows: One gram of the dry protein is accurately 
weighed out and transferred to a 500 cc. Kjeldahl flask, 25 cc. of 
20 per cent hydrochloric acid is then added, the flask closed by 
means of a Hopkins condenser made from a large test tube,’ and 
the contents of the flask boiled for twelve hours over a micro- 
burner. At the end of this time the flame is removed, the contents 
of the flask transferred on cooling to a 100 cc. volumetric flask and 
made up to volume. One or two cubic centimeters of this solution 
are then transferred to a 100 cc. volumetric flask, 5 cc. of the tyro- 
sine reagent® added, and after five minutes 25 cc. of a saturated 
solution of sodium carbonate, and the mixture then made up to 
volume with cold tap water. The maximum color develops in 
about ten minutes. Therefore the reading should not be made 
before this time has elapsed. Fading is very slow in the presence 
of the large excess of reagent used. As nearly at the same time 
as possible a standard is prepared by treating 1 mgm. of pure tyro- 
sine with 5 ec. of the phosphotungstic-phosphomolybdic reagent, 
then adding 25 cc. of saturated sodium carbonate solution and mak- 
ing up to volume. The color comparison is made by means of a 
Duboscq colorimeter, the standard solution being placed at 20 mm. 
As a standard solution, we use a solution of pure tyrosine in deci- 
normal hydrochloric acid which is made of such a concentration 
that 5 cc. contain 1 mgm. of tyrosine. 

In making the color comparisons both solutions should of course 
be absolutely clear and with no trace of precipitate; if any cloudi- 
ness is observed the solution should be filtered before being read. 

In the following table are given the results obtained on a num- 
ber of proteins. For comparison we have also compiled a list of the 


5 By means of this device any error due to products extracted from cork 
or rubber stoppers is excluded. For an illustration of the apparatus, see 
Folin and Flanders: This Journal, xi, p. 360, 1912. 

6° For data regarding the method of preparation of the reagent and its 
properties, see the preceding paper. 











number of times in our list. 


his generosity and helpfulness. 
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method 


Wee I... sks ck. ss 6.0 
ify RS oe 4.3 
SOG ER oak es es a aes 6.5 
GR cs ll 
Casein (Kahlbaum’s)......... | 645 
Casein (cow’s milk)......... | 6.5 
Ovovitellin (hen’s egg)....... 5.2 
Ovomucoid (hen’s egg)...... . 5.4 
Conalbumin (hen’s egg)... ... | 4.9 
Ovalbumin (hen’s egg)....... 5.0 
Lactalbumin (cow’s milk).... 4.9 
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tyrosine values published by a number of investigators who have 
made the determination by the ordinary gravimetric method. 

In making this compilation we have attempted to include the 
work of as many different investigators as possible so that in many 
cases where several different analyses were available we have chosen 
the one published by the worker whose name appeared the smallest 


All of the proteins whose tyrosine contents are given below, with 
the exception of wool, hair, horn and gelatin, were given to us by 
Dr. T. B. Osborne and we wish here to express our appreciation of 


TYROSINE 


y y 
colorimetric gravimetric 
_ method 


per cent | 
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per cent 
2.4 (See below.) 
3.0 Horbaczewski: Sitzungs- 
ber. wien. Akad., |xxx, 
2te Abt., 1879. 
4.6 | E. Fisher and Dérping- 
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haus: Zeitschr. f. phys- 
iol. Chem., xxxvi, p. 
| 462, 1902. 

0 Fisher, Levine and Ad- 
ers: [bid., xxxv, p.70, 
1902. 

4.5 | E. Fisher: Jbid., xxxiii, 
p. 15, 1901. 


4.5 

3.37 | Osborne and Jones: 
| Amer. Journ.of Phys- 

| iol., xxiv, ‘p. 153, 1909. 


LET, SES - YEES o 









1.77 | Osborne, Jones and Leav- 
enworth: Jbid., xxiv, f 
pp. 24, 252, 1909. : 
0.85 | Abderhalden and Pri- 
bram: Zeiischr. f. 
physiol. Chem., li, p. 





















PROTEIN 


Globulin (flax seed).... 


Glycinin (soy bean) 


Phaseolin (white bean).... 


Globulin (squash seed) 


Corylin (hazel nut) 


Edestin (hemp seed)... .. 


Amandin (almond)........... 


Globulin (cotton seed)... . 


Tyrosine in Proteins 


TYROSINE 


By ACCORDING TO 
gravimetric | 
method 


By 
colorimetric 
method 


per cent 
3.3 


4.0 


per cent 


1.86 Osborne and Clapp: 
Amer. Journ. of Phys- 
iol., xix, p. 468, 1907. 

Osborne and Clapp: 
Ibid., xviii, p. 295, 
1907. 

Osborne and Clapp: 
Ibid., xix, p. 475, 1907. 


2.2 


Abderhalden: Zeitschr. 
f. physiol. Chem., 
Xxxvil, p. 499, 1903. 

Osborne and Clapp: 
Amer. Journ. of Phys- 

iol., xx, 470, 1908. 

_ Abderhalden and Ros- 
toski: Zeitschr. f. 
physiol. Chem., xliv, 
p. 265, 1905. 


.12 


Globulin (castor bean)... ... 


Vignin (cow pea) 


Legumin (pea)............... 


Osborne and Hey!: 
Amer., Journ. of Phys- 
iol., xxii, p. 262, 1908. 

| Abderhalden and Bab- 
kin: Zeitschr. f. phys- 
iol. Chem., xlvii, p. 
391, 1906. 


Glutelin (maize)......... 


Zein MeO 


Hordein (barley).............. 


Gliadin (wheat)....... 


Glutenin (wheat) 


3.6 | Osborne and Clapp: 

| Amer. Journ. of Phys- 
iol.,*xx, p. 477, 1908. 

_ Osborne and Clapp: 
Ibid., xix, p. 117, 1907. 

_ Abderhalden and Sam- 
uely: Zeitschr. f. 
physiol. Chem., xliv, 

| pp. 276, 1905. 

4.25- Osborne and Clapp: 

Amer. Journ. of Phys- 

iol., xvii, p. 231, 1906. 


1.67 


2.4 
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A glance at the above table shows that the tyrosine percentages 
given by our colorimetric method are in every case greater than 
those reported in the literature. 

This may be due to a number of causes. (1) Our reagent may 
react with known amino-acids other than tyrosine. (2) It may 
react with some amino-acid which has not yet been isolated from 
protein hydrolysis products. (3) Phenols may be formed by the 
hydrolysis of proteins which would react with the reagent. (4) 
The universally used method of determining the amount of tyro- 
sine in proteins by the direct isolation of the amino-acid may give 
results much too low, due either to the fact that the substance, 
although insoluble, cannot be quantitatively isolated from the com- 
plex mixture of amino-acids in which it occurs, or that it may in 
part remain in some polypeptid combination much more soluble 
than the free acid, thus giving tyrosine percentages considerably 
lower than those obtained by the colorimetric method, which latter, 
as will be shown later, accounts for tyrosine held in peptid combina- 
tion. 

In regard to the first suggestion, it may be said that we have 
tested our reagent with a great number of amino-acids occurring 
in proteins and have not found any one, other than tyrosine, which 
gives any reaction. Oxyproline we were unable to test directly as 
none of the substance -was available, but as gelatin, which is re- 
ported’ to contain 3 per cent of this amino-acid, gives a very faint 
reaction with our reagent we consider it safe to assert that none of 
the color produced in our determinations is due to oxyproline. 

For lack of material we have also been unable to make any tests 
with oxytryptophane. 

In regard to the second supposition, we can offer no direct evi- 
dence; in view of the results obtained in the recent critical work on 
the ester method by Osborne, Abderhalden and their collaborators, 
it would, however, seem unlikely that appreciable quantities of any 
unknown amino-acids exist in the protein molecule. 

Our third supposition concerning the existence of phenols in 
the mixtures resulting from the acid hydrolysis of proteins, can, 
we think, be disproved by the results of the following experiment: 
Five grams of Kahlbaum’s casein were boiled for twelve hours with 


7 Fisher and Skita: Zeitschr. f. physiol. Chem., xxxv, p. 221, 1902. 
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100 cc. of 20 per cent hydrochloric acid; after concentrating to a 
volume of about 25 cc., the solution was repeatedly shaken out with 
ether and the combined ethereal extracts extracted in turn with 2 
per cent sodium hydrate solution. This alkaline extract when acidi- 
fied and tested qualitatively with our reagent gave absolutely no 
trace of blue color, showing the entire absence of phenols. The 
same experiment was repeated using various immiscible solvents, 
such as chloroform, benzol, etc., in place of ether but invariably 
with negative results. 

A similar solution of the products resultingfrom the acid hydrol- 
ysis of casein was also made alkaline with sodium hydrate and 
extracted with the above solvents on the supposition that reducing 
substances of a basic nature might be present, but here again nega- 
tive results were obtained. 

In order to test our theory that tyrosine values obtained by the 
usual method are invariably too low, due to the absolute impossi- 
bility of quantitatively separating this amino-acid from hydroly- 
sis mixtures, we have made a tyrosine determination in wool by 
the method usually used for this purpose and have followed up 
the process at every stage by the use of our colorimetric reagent. 


Five hundred grams of fat-free sheep’s wool were boiled for twenty hours 
with 3 liters of 25 per cent sulphuric acid in a flask provided with a reflux 
condenser. At the end of this time the solutior! was cooled, made up to 
volume (5 liters) and a colorimetric tyrosine determination made. Thirty 
grams of tyrosine were found to be present. The solution was then treated 
with barium hydrate until no further precipitate was obtained with this 
reagent; it was then filtered and the residue repeatedly boiled with water and 
filtered until the filtrate no longer gave a test with Millon’s reagent. At 
this point it still gave, however, a strong test with our phosphotungstic- 
phosphomolybdic reagent, and the extraction was therefore continued until 
only a very faint reaction could be obtained with the latter reagent. 

The various filtrates were then combined, evaporated down and made up 
to a volume of 4000 cc. A colorimetric tyrosine determination in this solu- 
tion showed the presence of 29.6 grams of this amino-acid. The solution was 
then evaporated down to a volume of about 2500 cc. and the solid material 
separating out on cooling was filtered off by suction and repeatedly washed 
with cold water. The mother liquor was again concentrated and another 
crop of crystals obtained, this being repeated until four lots of crystals had 
been separated out. This material was then boiled with bone black and 
after several recrystallizations was dried at 110°; its weight was found to be 
17.8 grams. When assayed by the method described above it was found to 
contain only 67.9 per cent tyrosine. Further purification was not attempted 





Otto Folin and W. Denis 251 


as it was not intended by this work to make a quantitative determination of 
tyrosine by the gravimetric method. The various mother liquors were com- 
bined, made up to volume and assayed. They were found to contain 15 
grams of tyrosine. 


The above experiment, we think, strongly favors our view that 
the discrepancies between our colorimetric tyrosine determinations 
and the values for this substance which appear in the literature are 
due to the fact that it is practically impossible to separate tyro- 
sine quantitatively from the hydrolysis products of any protein. 

The latter idea has been expressed by Osborne both in a private 
communication and in several publications.*® 

That our reagent gives the same color values with tyrosine in 
peptid combinations as with the same amino-acid in the free con- 
dition is proved by the fact that the length of time during which 
the hydrolysis is continued has no influence on the subsequent 
colorimetric determinations. For example, 1 gram of sheep’s wool 
boiled with 25 cc. of 20 per cent hydrochloric acid for one hour 
showed a tyrosine content of 6.0 per cent; when portions from the 
same sample of wool were boiled for five, twelve and twenty 
hours, respectively, exactly the same tyrosine value, 6 per cent, was 
obtained in every case. 

The new colorimetric method employed in this investigation 
for the determination of tyrosine possesses of course a special 
advantage in that the tyrosine can be determined in a very short 
time and in a very small amount of substance (0.1—0.2 gram). 


® Osborne and Clapp: Amer. Journ. of Phystol., xvii, p. 246, 1906; Osborne 
and Guest: this Journal, ix, p. 348, 1911. 
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PROTEIN METABOLISM FROM THE STANDPOINT OF 
BLOOD AND TISSUE ANALYSIS. 


FOURTH PAPER. 


ABSORPTION FROM THE LARGE INTESTINE. 


By OTTO FOLIN anp W. DENIS. 
(From the Biochemical Laboratory of the Harvard Medical School, Boston.) 





(Received for publication, June 29, 1912.) 


In our second metabolism paper! we showed that the ammonia 
found in the portal blood represents, in a large measure, the absorp- 
tion of the ammonia produced by putrefactive processes in the 
large intestine and we suggested that probably many other pro- 
ducts of similar origin are absorbed from the same region. That 
absorption of soluble products from the large intestine does occur 
is evidently not a matter of doubt since ‘rectal feeding”’ is a gener- 
ally accepted practice among clinicians. Nevertheless it seemed 
to us worth while to show experimentally that the absorption from 
the large intestine is extensive enough to be demonstrable by means 
of our new methods of blood analysis. 

The experiments recorded below show that while the absorption 
from the large intestine, as was to be expected, is not nearly so 
rapid as from the small intestine, it is rapid enough under the 
conditions selected to cause an appreciable accumulation of the 
absorbed products in the blood. 

In all the experiments recorded below the animals were anaes- 
thetized by means of ether administered through a tracheal can- 
nula and by a subcutaneous injection of morphine sulphate. 

Unless otherwise noted no attempt was made to wash out the 
large intestine before the operation as preliminary experiments 
led us to believe that this is difficult to accomplish in a satisfactory 
manner without inducing a condition conducive to shock due to 
prolonged exposure of the intestines. In every case therefore 
a large dose of castor oil was administered about twenty-four 





























! This Journal, xi, p. 161, 1912. 
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254 Absorption from the Large Intestine 


hours before the experiment and the animal was allowed to fast 
until the operation; by this treatment we obtained in every case a 
large intestine free from all but traces of faecal material. As soon 
as anaesthesia was complete a sample of normal arterial blood was 
drawn to serve as a control. The abdomen was then opened and 
ligatures placed at the ileo-caecal valve and at the lower end of 
the rectum. 

A solution of the substance whose absorption was to be observed 
was then introduced into the ligatured intestine by means of a 
large hypodermic needle and a syringe and after withdrawal of 
the needle the abdominal cavity was carefully and completely 
closed by sutures. 

Samples of blood were then drawn at suitable intervals in the 
manner described in an earlier paper? and analyzed for non-pro- 
tein nitrogen and urea by the methods described in the same. 
In the experiment relating to the absorption of creatinine the colo- 
rimetric determinations of creatinine in blood were made by the 
method described by us in a recent paper.** 


ABSORPTION OF UREA. 


EXPERIMENT |. Cat 58, weight 1963 grams. This animal was 
fed with meat thirty hours before the experiment; with the last 
meal it received 3 grams of castor oil. 

After taking a preliminary sample of blood we injected intothe 
ligatured intestine 25 ce. of a 10 per cent urea solution. 

Samples of blood were taken at intervals, as shown below. 


Milligrams. 

Total non-protein nitrogen per 100 cc. blood from right carotid 
artery before injection 

Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc. blood from left carotid 
artery thirty minutes after injection 

Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc. blood from right femoral 
artery sixty minutes after injection.......................... 

Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc. blood from mesenteric 
vein of large intestine 

Total urea nitrogen in same 








2 This Journal, xi, p. 527, 1912. 
3 Tbid., xii, p. 149, 1912. 












Otto Folin and W. Denis 255 


Milligrams. 
Total non-protein nitrogen per 100 cc. blood from aorta one 
hundred and thirty minutes after injection.................. 52 
Total urea nitrogen in same.........................0...00.00e 30 


No attempt was made in this experiment, or in those given below 
relating to the absorption of amino-acids, to determine the amount 
of the injected substance remaining unabsorbed at the end of the 
experiment, as the unavoidable faecal contamination rendered 
such determinations untrustworthy. 


ABSORPTION OF GLYCOCOLL. 


EXPERIMENT 2. Cat 54, weight 2443 grams, etherized twenty- 
six hours after last meal which consisted of dog biscuit. Three 
grams of castor oil had been given by mouth twenty hours before the 
operation. The large intestine was therefore found to be practi- 
cally empty. It was, however, further cleaned by a stream of 
warm water introduced by means of a tube thrust through the ileo- 
caecal valve. A glass tube tied in the anus allowed the injected 
fluid to escape freely. After emptying of all liquid weintroduced 
into the ligatured large intestine 3 grams of glycocoll dissolved in 
40 cc. of warm water. Samples of blood were then taken at suit- 
able intervals, as shown below. 


Milligrams 
Total non-protein nitrogen per 100 cc. blood of right femoral 
artery before glycocoll injection............................. 55 
Total urea nitrogen in the same............................... 34 
Total non-protein nitrogen per 100 cc. blood from right carotid 
artery thirty minutes after glycocoll injection.............. 58 
Total urea nitrogen in the same.............................4.. 34 
Total non-protein nitrogen per 100 cc. blood from left carotid 
artery sixty minutes after the injection...................... 64 
Total urea nitrogen in the same........................2eeceee 34 
Total non-protein nitrogen per 100 cc. blood from left femoral 
artery ninety-six minutes after the injection................. 66 
Total urea nitrogen in the same............................... 38 
Total non-protein nitrogen per 100 cc. blood from mesenteric 
vein of large intestine taken 100 minutes after injection. ..... 86 


Total urea nitrogen in the same.......................- 2c ceees 


*" ABSORPTION OF ALANINE. 


EXPERIMENT 3. Cat 57, weight 2663 grams. This animal had 
been last fed (with meat) twenty-six hours before and had received 
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3 grams of castor oil twenty hours before the operation. 3.1 
grams of Kahlbaum’s alanine, dissolved in 30 cc. of warm water, 
were injected into the ligatured intestine. Analysis of samples of 
blood taken at appropriate intervals gave the following results. 


Milligrams’ 

Total non-protein nitrogen per 100 cc. of blood taken from the 
right carotid artery before the injection 

Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc. blood taken from the left 
carotid artery one hour after the injection 

Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc. blood taken from the 
right femoral artery two hours after the injection 

Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc. blood taken from the 

abdominal aorta three hours and six minutes after the injec- 


ABSORPTION OF CREATININE. 


EXPERIMENT 4. Cat 56, weight 3013 grams. This animal was 
fed on meat twenty-six hours before, and received 3 grams of 
castor oil twenty hours before the operation. 

After anaesthetizing, the large intestine was washed out with 
warm water in the manner described under Experiment 2. We 
then introduced into the ligatured intestine 3.0 grams of creatinine 
dissolved in 35 cc. of warm water. 

Blood samples taken at intervals gave on analysis the following 
results. 

Milligrams. 
Total non-protein nitrogen per 100 cc. blood from right carotid 
artery taken just before the creatinine injection 
Total urea nitrogen in same 
Creatinine 
Total non-protein nitrogen per 100 cc. blood taken from left car- 
otid artery forty-five minutes after the injection............. 
Total urea nitrogen in the same 


Creatinine was present in this sample of blood but the amount 


was too small to be determined quantitatively. 
Milligrams . 
Total non-protein nitrogen per 100 cc. in blood taken from the 
right femoral artery ninety-two minutes after the injection... 45 
Creatinine nitrogen in the same (colorimetrically determined). . 11 
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Milligrams. 
Total non-protein nitrogen per 100 cc. in blood from the mesen- 
teric vein of the large intestine taken seventy-two minutes 
i aL se Geuw dade coe 52 
Creatinine nitrogen in the same........................-00-005: 19 
Total non-protein nitrogen per 100 cc. blood taken from the ab- 
dominal aorta one hundred and thirty-seven minutes after 
I ices oh Utah RGIS i stk spac so etse dees sce cnese 50 
Creatinine nitrogen in the same......................0eeeeeees 14 





ON GPRM E TD oe en 
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After drawing the last sample of blood the entire large intestine 
was excised, emptied and carefully washed; to the intestinal con- 
tents and washings we added a little acetic acid, boiled for two or 
three minutes, made up (after cooling) to a volume of 500 cc. and 
determined creatinine by the Folin method in a filtered portion of 
the liquid. 2.24 grams of creatinine were found to have been left 
in the intestine, therefore 0.76 gram was absorbed. 


















ABSORPTION OF WITTE’S PEPTONE. 






EXPERIMENT 5. Cat 55, weight 3400 grams. This animal was 
last fed on meat thirty hours before, and received 3 grams of castor 
oil twenty-four hours before the operation. 

After taking a preliminary sample of blood we injected into the 
ligatured intestine 8 grams of Witte’s peptone dissolved in 35 cc. 
of warm water. 

Analysis of samples of blood taken at intervals gave the follow- 





















ing results. 
Milligrame. 
Total non-protein nitrogen per 100 cc. blood from right carotid 
I MI NG os os Sse ius awe cede aleseccas 30 
Total urea nitrogen in the same......................6..200--. 18 
Total non-protein nitrogen per 100 cc. blood taken from left car- 
otid artery thirty minutes after peptone injection............ 30 
Total urea nitrogen in the same..........................-.0.4. 18 
Total non-protein nitrogen per 100 cc. blood from right femoral 
artery taken sixty minutes after the injection................ 34 
Total urea nitrogen in the same............................44. 18 
Total non-protein nitrogen per 100 cc. blood from the left femoral 
artery taken ninety-five minutes after the injection.......... 35 
po ENE I a SB 20 






Total non-protein nitrogen per 100 cc. blood from mesenteric 
vein of the large intestine taken one hundred and two minutes 
a aig ooo edn cs edls cdc ues sep nd ccvssee's 38 

Total wrea nitrogen in the same... ............... 6. ccc cece eee 





























PROTEIN METABOLISM FROM THE STANDPOINT OF 
BLOOD AND TISSUE ANALYSIS. 


FIFTH PAPER. 


ABSORPTION FROM THE STOMACH. 


By OTTO FOLIN anp HENRY LYMAN. 


(From the Biochemical Laboratory of the Harvard Medical School.) 
(Received for publication, June 29, 1912.) 


During the last few years London, together with Abderhalden 
and with various assistants, has published some forty papers on 
digestion and absorption. One of the points repeatedly empha- 
sized in these communications is the conclusion that there is no 
absorption of digestion products from the stomach.! They have 
made no attempt to explain and in fact have taken no notice of 
the more or less different results reported by earlier investigators,” 
evidently assuming that their own results are so conclusive as 
to leave no room for any further difference of opinion on the sub- 
ject. The methods used by Folin and Denis for demonstrating 
that amino-acids are absorbed unchanged from the small and 
from the large intestine (see the preceding paper) are equally 
applicable to the study of the absorption of nitrogenous products 
from the stomach and in this paper we wish to report some experi- 
ments which so far as we are concerned leave no room for doubt 
concerning the absorption of protein digestion products from the 
stomach. 

As in the previous work reported on the subject of absorption, 
cats were employed throughout. In every case the animal was 
anaesthetized by means of ether administered through a tracheal 
cannula and by a subcutaneous injection of morphine sulphate. 


1 See particularly Zetischr. f. physiol. Chem., \xii, p. 448, 1909. 
2 See Salaskin: Jbid., li, p. 167, 1907. 
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260 Absorption from the Stomach 


The technique employed in the collection of the samples of blood 
and in the subsequent analysis of the same was that described in a 
recent paper by Folin and Denis.’ 

In all the experiments recorded below the general method of 
procedure has been the same. After first taking a preliminary 
sample of arterial blood to serve as a control, the abdomen was 
opened and ligatures placed at the cardiac end of the stomach and 
at the pylorus. The substance whose absorption was to be studied 
was then dissolved in a small amount of warm water and injected 
into the stomach by means of a large hypodermic needle and a 
syringe. 

The abdomen was then quickly and completely closed by means 
of sutures and 5 ce. samples of blood taken at suitable intervals 
from the femoral and carotid arteries. At the end of the experi- 
ment the splenic and enteric tributaries of the portal vein were 
ligated (the former close to the spleen) and a sample of blood taken 
from the portal vein which was by this means robbed ofall but its 
gastric branches. No attempt was made to wash out the stomach 
before the operation. Therefore, except in the case of creatinine, 
no determinations were made at the end of the experiment to ascer- 
tain to what extent absorption had taken place. 


ABSORPTION OF GLYCOCOLL. 


EXPERIMENT 1. Cat 59, weight 3703 grams. This animal had 
received its last meal (raw meat) twenty-four hours before the 
operation. 

After taking a preliminary sample of blood, 61 grams of Kahl- 
baum’s glycocoll dissolved in 40 cc. of warm water were injected 
into the ligatured stomach. 

Samples of blood taken at appropriate intervals gave on analysis 
the following results. 

Milligrams. 
Total non-protein nitrogen per 100 cc. blood from femoral artery 
before injection 
Total non-protein nitrogen per 100 cc. blood from carotid artery 
thirty minutes after injection 


Total non-protein nitrogen per 100 cc. blood from carotid artery 
one hundred and sixteen minutes after injection 





* This Journal, xi, p. 527, 1912. 
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Milligrams. 
Total non-protein nitrogen per 100 cc. aortic blood one hundred 

and fifty-eight minutes after injection...................... 51 
Total non-protein nitrogen per 100 cc. portal blood one hundred 
and seventy-three minutes after injection................... 










ABSORPTION OF ALANINE. 






EXPERIMENT 2. Cat 61, weight 4040 grams. This animal was 
last fed with meat twenty-six hours before the operation. After 
taking,a preliminary sample of blood from the femoral artery we 
injected into the ligatured stomach 6.36 grams of Kahlbaum’s 
alanine dissolved in 50 cc. of warm water. 

Analysis of samples of blood taken at intervals during the next 
three hours gave the following results. 







PETES a BS DR ote pte. 

















Milligrams. 
Total non-protein nitrogen per 100 cc. femoral blood before 
acne a iit ail i oa gs ood Sani bhie) abasd b40Nasaas 33 
NS ee ee ae 18 
Total non-protein nitrogen per 100 cc. carotid blood thirty 
minutes after injection............... sieanitstbek ie a vee Colas allt stale 38 
oe oc Poon aha tks nese s dmbiiowy 18 
Total non-protein nitrogen per 100 cc. femoral blood one hun- 
dred and twenty“‘minutes after injection..................... 49 
Pe Ns I i is anno sm neunenmanw enue 20- 
Total non-protein nitrogen per 100 cc. femoral blood one hun- 
dred and eighty minutes after injection...................... 52 






Total urea nitrogen in same......................-.2..005. 








ABSORPTION OF WITTE’S PEPTONE. 






EXPERIMENT 3. Cat 60, weight 2313 grams. This animal 
had fasted for twenty-six hours before the experiment. After 
taking the usual preliminary blood sample, 8 grams of Witte’s pep- 
tone dissolved in 40 cc. of warm water were injected into the liga- 
tured stomach. 










Milligrams. 
Total non-protein nitrogen per 100 cc. femoral blood before 
a a es tee we oh 34 
ee I Te i cc encceennwesccees 31 
Total non-protein nitrogen per 100 cc. carotid blood thirty min- 
utes after peptone injection................... 0.00.00 e cence 38 
Total urea nitrogen in same........... ibib cin Dads strane 
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Milligrams. 
Total non-protein nitrogen per 100 cc. carotid blood sixty minutes 
after peptone injection 
Total urea nitrogen in same 
Total non-protein nitrogen per 100 cc. femoral blood ninety 
minutes after peptone injection 
Total urea nitrogen in same 
Total non-protein nitrogen per 100 cc. portal blood one hun- 
dred and five minutes after peptone injection 
Total urea nitrogen in same 


ABSORPTION OF CREATININE. 


EXPERIMENT 4. Cat 61, weight 1940 grams. This animal 
had fasted for twenty-six hours before the experiment. After 
taking a preliminary sample of blood from the femoral artery we 
injected into the ligatured stomach a solution of 2.8 grams of creat- 
inine dissolved in 50 cc. of warm water. From the samples of blood 
drawn at intervals during the next five hours the following results 
were obtained. 

Milligrams. 

Total non-protein nitrogen per 100 cc. femoral blood befcre 
injection 

Creatinine in same 

Total non-protein nitrogen per 100 cc. carotid blood one hour 
after injection 

Creatinine in same 

Total non-protein nitrogen per 100 cc. femoral blood two hours 
and thirty minutes after injection 

Creatinine in same 

Total non-protein nitrogen per 100 cc. femoral blood four hours 
after injection 

Creatinine in same 

Total non-protein nitrogen per 100 cc. carotid blood five hours 
after injection 

Creatinine in same 

Total non-protein nitrogen per 100 ec. portal blood five hours 
and ten minutes after injection 

Creatinine in same 


At the end of the experiment the stomach was excised and care- 
fully washed out, the contents and washings were combined, treated 
with a few cubic centimeters of acetic acid and heated to boiling. 
After cooling the liquid was made up to a volume of 250 cc., fil- 
tered and a colorimetric creatinine determination carried out on a 
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portion by the Folin method. 2.50 grams of creatinine were found 
to have been recovered. 

In view of the fact that it had been found that creatinine is 
rapidly absorbed both from the small‘ and from the large’ intes- 
tine, the above result was a surprise to us. We therefore immedi- 
ately repeated the experiment in order to make sure that the nega- 
tive result obtained was not due to any idiosyncrasy on the part 
of the animal used. 

EXPERIMENT 5. Cat 62, weight 3040 grams. The animal had 
fasted for twenty-four hours before the operation. 2.8 grams of 
creatinine dissolved in 50 cc. of warm water were injected into the 
ligatured stomach. The following results were obtained. 


Milligrams. 

Total non-protein nitrogen per 100 cc. carotid blood before 

i fae, Me as Se cn ia veal baader kee act hiasleies 52 
INS EEOC OE a EE GR TE a aya 0 
Total non-protein nitrogen per 100 cc. femoral blood one hour 

and thirty minutes after injection........................... 52 
NI Gc. Fas Sid, EN 5d ae én ce ass 0 
Total non-protein nitrogen per 100 cc. femoral blood three hours 

a eh sos 9k oc Labs wibcediaie a his o he SU Mink dl <a v Oi 53 


SS ELSES SILLS ALY TS ee RT Te trace? 


Outside of the fact of proving the lack of absorption of creatinine 
by the stomach, the two experiments given above are of interest 
as they serve as controls and prove that with the stomach filled 
with liquid, animals may be kept under anaesthesia for as long as 
three hours without exhibiting changes in the non-protein nitrogen 
fraction of the blood. 


ABSORPTION OF UREA. 


EXPERIMENT 6. Cat 63, weight 2680 grams. This animal had 
fasted for twenty-two hours before the operation. 1.8 grams of 
urea dissolved in 25 ec. of warm water were injected into the liga- 
tured stomach. 

The following results were obtained: 


Milligrams. 
Re Ms Wile lbas o's 00's dv ess so ¥eceaveees 1000 
Urea nitrogen recovered from stomach...................... 304 








* This Journal, xii, p. 141, 1912. 
5 See preceding paper. 
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Hence, urea nitrogen absorbed 
Total non-protein nitrogen per 100 cc. carotid blood before 
injection 
Urea nitrogen in same 
Total non-protein nitrogen per 100 cc. carotid blood one hour 
and thirty minutes after injection 66 
Urea nitrogen in same 42 
Total non-protein nitrogen per 100 cc. carotid blood tien hours 
after injection 68 
Urea nitrogen in same 45 
Total non-protein nitrogen per 100 cc. carotid blood four hours 
after injection 
Urea nitrogen in same 
Total non-protein nitrogen per 100 cc. portal blood four hours 
and ten minutes after injection 
Urea nitrogen in same 





To determine the unabsorbed urea the stomach was excised, 
emptied and thoroughly washed. The various washings were 
combined, acidified with acetic acid and heated to boiling. After 
cooling the liquid was made up to a volume of 500 cc. and filtered. 
Urea was determined in this liquid by the colorimetric method.® 

The results recorded in the above experiments clearly prove that 
nitrogenous digestion products are absorbed from the stomach. 
The peculiar results reported by London and his associates are 
not necessarily inconsistent with ours but the interpretation drawn 
from them is, we believe, erroneous. 





6 This Journal, xi, p. 515, 1912, 
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ON THE ACTION OF LEUCOCYTES ON GLUCOSE. 


SECOND COMMUNICATION. 


By P. A. LEVENE anv G. M. MEYER. 
(From the Rockefeller Institute for Medical Research, New York.) 


(Received for publication, July 2, 1912.) 


The results reported in a previous communication! were convinc- 
ing of the fact that lactic acid is formed through the action of leu- 
cocytes on glucose. However, the quantity of lactic acid isolated 
in form of its zinc salt was lower than that of the disappeared sugar. 
Hence, to complete the knowledge of the action of leucocytes 
on glucose it was necessary to ascertain the fate of the missing 
sugar that had not been identified as lactic acid. The theory 
admits of a great variety of possibilities and an attempt was made 
to test by experiment some of them. 

The-disappearance of sugar may be caused by either one of the 
three reactions, oxidation, reduction or dissociation, such as 


CeHi206 S CsHi0; + CH20 
CsHi206 = C;H,O; + C;H-.0; 


It was therefore concluded to inquire into the type of reaction 
which caused the disappearance of the missing sugar under the 
influence of leucocytes, without attempting to isolate the products 
of the reaction. A means for distinguishing the three types of 
reactions is found in the fact that the products formed in each one 
of them require a different quantity of oxygen for transforma- 
tion into carbon dioxide. 
Thus: 
24 CO. + 24 H:O 
24 CO, + 26 HO 


24 CO, + 16 H.O 
24 CO, + 24 H.O 


I. 4CeHisOg + 24 O2 
II. 4CgHisOg + 25 Or 
III. 4CsHsOs - + 16 O, 
IV. 4(C3H.0)3 + 24 Ov 


1 This Journal, xi, p. 361, 1912. 
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266 Action of Leucocytes on Glucose 


It is seen from this that taking glucose for the unit value of oxygen 
requirement for oxidation into carbon dioxide, a higher value is 
needed for oxidation of an equal number grams molecule of the 
reduction products, a lower value when oxidation was responsible 
for the disappearance of sugar and an equal value when the break- 
ing down of sugar was caused by a reaction of dissociation. 

Recently Greifenhagen, Kénig and Scholl? have determined the 
conditions for oxidation of several carbohydrates, of methyl] alcohol, 
and of glycerin into carbon dioxide by means of a potassium per- 
manganate solution. The authors recommend the method for 
quantitative estimation of sugar. 

It was concluded to resort to this method for estimation of the 
oxygen requirement for transformation into carbon dioxide of the 
products formed by the action of leucocytes on glucose. How- 
ever, before applying it, the method was tested in regard to the 
following requirements: 

1. Whether it permits of detecting accurately such small differ- 
ences in sugar concentration as occur in course of our leucocyte 
experiments. 

2. Whether it permits of detecting saccharic acid in such con- 
centrations as may occur in the leucocyte experiments. 

The method was found to satisfy these two requirements and 
it was therefore applied to the analysis of the products of reaction 
of leucocytes on glucose. 

It was found that while the reducing power of the sugar solution 
suffered the usual loss of about 10 per cent, the oxygen consump- 
tion of the original sugar remained unaltered at the end of the 
experiment. A control of the leucocyte extract treated in the 
same manner as in the principal experiment did not demonstrate 
any estimable reducing power on permanganate solution. On the 
basis of these experiments one was forced to the conclusion that 
the products of the action of leucocytes on glucose are neither oxi- 
dation nor reduction products. 

It also was known from the results of previous experiments that 
the substances formed in the reaction were not volatile and did 
not possess reducing power for Fehling’s solution. 

The possibilities that suggested themselves on the basis of these 


? Biochem. Zeitschr., xxxv, p. 169, 1911. 
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data were, either that all the missing glucose was transformed into 
lactic acid, or that part of it was transformed into glyceric alde- 
hyde which in its turn suffered Cannizzaro’s transformation into 
glyceric acid and glycerol. The attempts to detect glycerol in 
our reaction products were not successful. 

These considerations seemed to point to the conclusion that all 
the missing sugar was transformed into lactic acid and yet only about 
40 per cent of the missing sugar was extracted in form of the acid. 
Thus we were led once more to test the efficiency of our method of 
extracting lactic acid. In the previous communication mention 
was made of the fact that about 90 per cent of lactic acid was 
recovered when the acid was added to a suspension of leucocytes 
and the mixture was treated in the same manner as the reaction 
mixture of the principal experiments. In the course of the pres- 
ent work an experiment was made with a view of establishing the 
action of leucocytes on lactic acid. In that experiment the lactic 
acid was allowed to remain in contact with the leucocytes for 
thirty-six hours at 37°C., and in that instance nearly all the added 
lactic acid was recovered by extraction. This experiment may 
also serve as a test of the efficiency of estimating lactic acid by the 
extraction method. However, there were lacking experiments 
testing the efficiency of the extraction of lactic acid from mix- 
tures containing only about 10 per cent of the acid and 90 per cent 
of glucose. Buchner and Meisenheimer*® have made such experi- 
ments with mixtures of lactic acid and saccharose and have regained 
by extraction about 90 per cent of the acid present in the mixture. 
We have repeated their experiments and have obtained as good 
results as they. However, when such experiments were performed 
with mixtures containing glucose instead of saccharose, only about 
40 to 50 per cent of the lactic acid present in it were extracted— 
approximately the same values as those obtained in our principal 
experiments. This is due perhaps to the fact that the physical 
nature of the glucose mixture does not permit of a very intimate 
mixing with the sodium sulphate powder and that, in its turn, 
makes the extraction of lactic acid imperfect. Thus the extrac- 
tion method can serve only to identify the lactic acid formed in 
course of the experiment and cannot be relied upon for its quanti- 


* Ber. d. deutsch. chem. Gesellsch., xliii, p. 1784, 1910. 
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tative determination. For this, use has to be made of the oxida- 
tion method by means of permanganate solution. A test experi- 
ment showed that the values obtained by the oxidation method 
are identical with those obtained by titration. On the basis of 
these considerations we feel justified in the conclusion that lactic 
acid is the only product of the action of leucocytes on glucose. 


CONCLUSIONS. 


1. Under the influence of leucocytes glucose undergoes dissocia- 
tion into lactic acid only. 

2. The lactic acid formed under these conditions remains intact. 

3. There is no evidence of the formation of any oxidation prod- 
ucts of glucose in the same experiments. 

4. It is remarkable that under conditions approaching those 
existing in the animal body the transformation of glucose is so 
simple and uniform while the formation of lactic acid from glucose 
by purely chemical methods is always accompanied by numerous 
side reactions. 
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EXPERIMENTAL PART. 


The technique of the experiments was the same as in the preced- 
ing communication. The detailsof permanganate titration method 
are as follows: 


The protein-free sugar solution was made up to a definite volume and a 
quantity containing approximately 30 mgm. of sugar used for each oxida- 
tion. This was accomplished by boiling with 40 cc. of ¥ permanganate 
solution and 60 cc. of 10 per cent potassium hydrate in a round bottom, 
long necked, 500 cc. Jena flask, fitted with a long wide tube to prevent loss 
of liquid by possible bumping. Bumping was kept at a minimum by adding 
a sufficient quantity of glass pearls and boiling vigorously over a wire gauze. 
Boiling was continued for ten minutes. 

To the hot solution were then added 50 cc. of 25 per cent sulphuric acid and 
sufficient ¥ oxalic acid solution to completely decolorize the solution which 
was titrated back to pink with 7) permanganate solution. The amount of 
permanganate used for the oxidation of the sugar is the difference between 
the total ¥ permanganate solution (cc. 7 permanganate reduced to cc. *) 
less the number cc. } oxalic acid added. The determination takes about 
twenty minutes. 
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Total oxidation of sugar by method of Greifenhagen, showing 
differences of 1 mgm. sugar. 


Different volumes of a 2 per cent solution of glucose were oxi- 
dized by the process described earlier in this paper. The results 
are presented in the following table. All reported values repre- 
sent averages of several determinations. 


ieee «GLUCOSE . KMnO, 4 OXALIC ACID | DIFFERENCES oy poy 

ce. mgm. ce. ce. ce. ce. 

15.0 30 40.09 21.03 19.96 

15.5 31 42.48 22.10 20.38 0.42 

16.0 32 43 .82 22.75 21.07 0.68 

16.5 33 43 .88 22.10 | 21.78 0.71 

17.0 | 34 44.18 21.70 22.48 0.70 
Average: 


0.6275 


Calculated difference for 1 mgm. glucose = 0.666 cc. 


Oxidation of saccharic acid. 


Acid potassium saccharate was prepared in the laboratory by 
the usual process. The crude salt was recrystallized several times 
before it was used for the experiment. It was dried to constant 
weight in a vacuum desiccator over phosphorus pentoxide. 0.496 
gram of the salt was dissolved in 100 cc. of water. Of this solution 
10 ec. were employed for oxidation with 40 cc. of = permanganate 
solution and 60 cc. of a 10 per cent solution of potassium hydroxide. 
For decoloration it was necessary to add 23.5 cc. of = oxalic acid. 
The colorless solution was titrated to permanent pink color by 
2.0 ec. of $ permanganate solution; it required 18.5 cc. of 7 per- 
manganate solution to oxidize 0.0496 gram of acid potassium sac- 
charate. 

The equivalent amount of glucose requires for oxidation 24.9 cc. 
of permanganate. 


Oxidation of mixtures of saccharic acid and glucose. 


For this series of experiments two solutions were prepared: (A) 
30 mgm. glucose dissolved in 250 ec. of water and (B) 41 mgm. 
acid potassium saccharate dissolved in 250 ec. of water. Twenty- 
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five cubic centimeters of each of these solutions were oxidized 

separately according to the method previously described. <A 

mixture of these solutions consisting of 23.30 cc. of the glucose 

solution and 1.64 ce. of the acid potassium saccharate solution 

was also subjected to this process. The fractional parts of a cubic 

centimeter were ubohsaee’ yee on a specially graduated pipette. 
The following table summarizes the results. 


y ADDI- DIFFER- 
sain mamouen (0) N KMNOy 10 ran cawe omal. 4 OXALIC BNCcE 
CHARATE(B) ~ N KMnO, AciD N KMnOy 
ce. mgm. ce. ce. | ce. ce. ce. 
25.00 (A) 30.0 40 60 2.9 22.5 20.6 
25.00 (B) 41.0 40 60 0.7 25.5 15.2 
23.30 (A) 28.0) 
cae od > 40 60 3.8 24.1 19.7 
Loe 4. 39) 





Oxidation of leucocytes and phosphate solution alone. 


For this series of experiments there was prepared a mixture 
consisting of a leucocyte suspension and of a Henderson phosphate 
solution combined in the same proportions as employed in the 
glycolysis experiments. The mixture was allowed to stand at 
37°C. for thirty-six hours. 

The proteins were then removed by coagulation and subsequent 
filtration. Twenty-five cubic centimeters of the filtrate were 
boiled with 40 cc. = permanganate solution and 60 cc. of a 10 per 
cent solution of potassium hydroxide. For decoloration were 
employed 45.0 cc. of # oxalic acid, The excess of oxalic acid was 
oxidized by 6 cc. of = permanganate solution. Hence 1 ce. of 4 
permanganate solution was required to oxidize 25 cc. of the tested 
solution. Considering that the 25 ec. of the filtrate used is five 
times the quantity used in the sugar oxidations, the possible error 
in those determinations due to organic matter in the leucocytes 
would be equal to 0.2 cc. = permanganate solution, which amount 
is insignificant. 


Action of leucocytes on glucose. 


In this series of experiments the reduction values for Fehling’s 
solution were compared with those for a permanganate solution. 
The comparative estimation was made at the beginning and at 
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the end of the experiments. 


A suspension of sterile leucocytes in 


a Henderson phosphate solution containing sugar was allowed to 
stand thirty-six hours at 37°C. The reduction of the Fehling’s 
solution was measured by Volhard’s method and of the permanga- 
nate solution by the process described earlier in the paper. 

The reducing power of the solution was also tested after the 
glycolyzed solution had been boiled for two hours with a 2 per cent 


hydrochloric acid solution. 


This experiment aimed to ascertain 


whether or not condensation was responsible—perhaps in part— 
for the disappearance of glucose. 


Sugar determination. 


ORIGINAL . oe 
SOLUTION NH,sCNS gm en s GLUCOSE LOSS 
USED . 
ce. cc. ce. per cent per cent 
HERES SAS goa ete 1 22.5 22.5 8.05 
fi > | Fee 21.2 21.2 7.58 5.82 
Oxidation. 
ORIGINAL ADDI- . y 
SOLUTION N KMNnO, TIONAL | ; og oo SUGAR LOSS 
USED N KMnO, | ‘ 
ce. ce. ce. ce. ce. | per cent per cent 
Before . 0.5 40 9.15 22.70 26.45 | 7.92 
After 
36hrs. 0.5 | 40 6.37 20.00 | 26.39 | 7.90 0.02 
Sugar reduction. 
ORIGINAL . —_ 
SOLUTION NH«CNS ye S| eiucose Loss 
USED F 
ce. ec. ce. per cent per cent 
Teich aR gaat tng SOE 2 26 .00 13.00 4.65 
After 36 hrs........ 2 23 . 40 11.70 | 4.18 10.10 
Oxidation. 
ORIGINAL ADDI- iw 0 urtir< 
soLuTION “ KMNO,| TIONAL x ons : ean 5 KMNOs) Gi ucose 
USED |” XN EMNO,| 5 KMNOs |” cip UTILIZED | 
r nae HEC. by rt cceneastatind =e 
ce. ec. | ce. ce. cc. ce. per cent 
Before.| 0.5 45.00 | 4.20 47.10 | 32.00 15.10 | 4.50 
After | | 
36 hrs. 0.5 45.00 0.60 45.30 | 30.50 14.80 | 4.46 
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Action of Leucocytes on Glucose 


Sugar reduction. 

| ORIGINAL ¢ 

| SOLUTION 
USED 


PER CC. GLUCOSE 


ce. cc. ce. per cent | 
IR titi Gata See Soa , 26.10 , 138.05 4.67 
After 36 hrs | : | 22.80 11.40 4.07 
NS cis o> cdim'e cas : 23.20 11.60 4.15 


__Oxidation. 


oie | 

ORIGINAL | | ADDI- i 

sotuTion | ¥ KMnO« woman? | 5 CfA | Saree | 
| 
| 


| USED NKMnO; | ACID = 
dll Ree en ee & 





ee. | ce. ce. ce. ce. per cent 


Before............ 1 | 40.00 | 4.70 | 13.70 | 31.00 | 4.65 
After 36 hrs...... 1 | 40.00 2.60 | 9.50 | 31.10 | 4.68 


| 


° ae permanganate solution was used in titration against 5 oxalic acid. In this and in the 
subsequent tables the values are all recalculated as - permanganate solution. 


Oxidation of lactic acid. 


For these experiments there was prepared an approximately = 
solution of lactic acid. The lactic acid content of the solution was 
determined according to F. Ulzer and H. Seidel. To 10 cc. of the 
solution an excess of 7 sodium hydroxide solution was added, 
using phenolphthalein as indicator. The mixture was brought to 
a boil and titrated back with 7} hydrochloric acid solution. It 
was found that 1 cc. of the lactic acid solution contained 0.016 
gram lactic acid. For the experiments the original solution of lac- 
tic acid was diluted with nine volumes of water. Two cubic centi- 
meters of the diluted solution were employed for each oxidation 
experiment. The solution was boiled with 40 cc. of % potassium 
permanganate and 60 cc. of 10 per cent potassium hydroxide. For 
decoloration 22.2 ce. of # oxalic acid were used. In order to oxidize 
the excess of oxalic acid it was required to add 37 cc. of % potas- 
sium permanganate solution. Hence in order to oxidize 20 ce. 
of lactic acid solution there were employed 21.5 cc. of ¥ potassium 
permanganate. As 1 cc. of # potassium permanganate oxidizes 
1.5 mgm. lactic acid, the 2 cc. of the original solution oxidized con- 
tained 0.0322 gram of lactic acid. The value obtained by titra- 
tion was 0.0320 gram. 


4 Monatsh. d. Chem., xviii, pp. 130-141. 
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Action of leucocytes on lactic acid. 


A leucocyte suspension from 700 ec. of exudate was mixed with 
Henderson’s phosphate solution containing 0.470 gram of lactic 
acid, as determined by titration. One-half of the lactic acid mix- 
ture was analyzed immediately for lactic acid, the other portion 
after remaining at 37° for thirty-six hours. For this purpose the 
mixture was freed from protein by boiling and acetic acid. The 
clear filtrate was neutralized and evaporated to a small volume, 
acidified with phosphoric acid, ground up with anhydrous sodium 
sulphate, and extracted with ether. The zine salt was prepared 
as already described. 

Zinc Lactate Lactic Acid 





REET SIG eR ly eh 0.2350 
TEE EEE PR 0.3158 0.2322 
a Ee 0.3122 0.2312 


Extraction of lactic acid. 


There were prepared two solutions of lactic acid. One con- 
tained glucose the other sucrose. The concentration of the sugar 
was 5 per cent. Five grams of glucose or sucrose were dissolved 
in 100 ce. of water containing a definite amount of lactic acid, as 
determined on a separate sample by titration or by conversion to 
the zine salt. The mixtures of sugar and lactic acid were evap- 
orated to a small volume faintly acidified with phosphoric acid, 
ground with anhydrous sodium sulphate and extracted with anhy- 
drous ether until portions of the extract failed to give the Uffel- 
mann test. 0.2751 gram zinc lactate was obtained. 

Leucocytes and sugar mixtures containing no lactic acid, pre- 
pared according to the manner previously described, were sub- 
jected to the same treatment. The table summarizes the results. 





| 
LACTIC ACID ZN LACTIC | LACTIC ACID 























arpecinancneead eLuCeSS Lone ADDED — te wlll ACID | REGAINED 

per cent per cent gram gram gram per cent 

Leucocytes + | 
glucose + 5.01 10 0.2544 0.1815) 36.40 

lactic acid 

Clit { 5.00 0.4725 | 0.2751 | 0.1963 | 41.50 
Seats 5.00 0.5000 | 0.3375 0.2680| 53.40 
Seems xc 5.00 0.3750 | 89.00 
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THE QUANTITATIVE DETERMINATION OF ALIPHATIC 
AMINO GROUPS. II. 


PuaTe I. 













By DONALD D. VAN SLYKE. 
(From the Rockefeller Institute for Medical Research, New York.) 








(Received for publication, July 2, 1912.) 






The author’s method for determining aliphatic amino nitrogen! 
by measurement of the nitrogen gas evolved in the reaction, 7 


RNH, + HNO, = ROH + N, + HO, 






has proven capable of sufficiently general application? to make it 









| This Journal, ix, p. 185, 1911. 

2 It has been utilized in the following articles: Levene and Jacobs: Hefenu- 
cieinsiure. III, Ber. d. deutsch. chem. Gesellsch., xliii, p. 3150; Sjollema 
and Rinkes: Hydrolyse des Kartoffeleiweisses, Zeitschr. f. physiol. Chem.., 
Ixxvi, p. 506; Kossel and Cameron: Die freien Amidogruppen der einfach- 
sten Proteine, ibid., lxxvi, p. 457; Brach and von Fiirth: Chemische Aufbau 
des Chitins, Biochem. Zeitschr., xxxviii, p. 468; Medigreceanu: Composi- 4 
tion of Urinary Albumin, Journ. of Exp. Med., xiv, p. 298; White: Compara- 4 
tive Proteolysis Experiments with Trypsin, Journ. Amer. Chem. Soc., xxxiii, 
p. 1911; Robinson: Organic Nitrogenous Compounds in Peat Soil, Tech. Bull. 
No. 7, Michigan Agricultural Experiment Station; Mays: Proteinkérper des 
Liebigschen Fleischextraktes, Zetischr. f. physiol. Chem., \xxviii, p. 47; 
Abderhalden and Van Slyke: Bestimmung des Aminostickstoffs in einigen 
Polypeptiden, ibid., Ixxvi, p. 506; Abderhalden and Kramm: Abbau der 
Proteine im Darmkanal, ibid., Ixxvii, p. 425; Abderhalden and Kramm: 
Abbau der Milcheiweisskérper durch Magensaft unter verschiedenen Beding- 
ungen, ibid., lxxvii, p. 463; Abderhalden and Hanslian: Verwendbarkeit der 
Estermethode zum Nachweis von Monaminosaiiren neben Polypeptiden, 
ibid., Ixxvii, p. 285; Abderhalden: Fiitterungsversuche mit vollstindig 
abgebauten Nahrungsstoffen, ibid., xxvii, p. 22; Osborne and Guest: Hydro- 
lysis of Casein, this Journal, ix, p. 333; Osborne and Guest: Hydrolysis of 
Wheat Gliadin, ibid, ix, p. 425; Levene, Van Slyke and Birchard: Partial 
Hydrolysis of Proteins. II and III, ibid., viii, p. 269; x, p. 57; Van Slyke 
and White: Digestion of Protein in the Stomach and Intestine of the 
Dogfish, ibid, ix, p. 209; Van Slyke: Analysis of Proteins by Determinations 
of Chemical Groups, ibid, x, p. 15; Van Slyke and Birchard: Nature of the 
free Amino Groups in the Native Proteins, Proc. Soc. Exper. Biol. and Med.., 
ix, 1912. 
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appear worth while to publish certain improvements made in the 
apparatus during the past year. Without complicating the manip- 
ulation, increasing the cost® or sacrificing any of the accuracy of 
the original, the present apparatus has several advantages over 
the former: (1) The deaminizing vessel, D, need not be discon- 
nected from the gas burette between analyses. The apparatus 
can be used for an indefinite number of determinations without 
disconnecting the parts. (2) Both the deaminizing bulb D and 
the Hempel pipette can be shaken by a motor. This is a tremend- 
ous convenience when considerable series of analyses have to be 
made.* (3) With the new apparatus one can work even more 
rapidly than with the original. D can be shaken more efficiently 
with a motor than is possible by hand and the reaction is corre- 
spondingly accelerated. Furthermore, during the last stage of 
the analysis, while the nitric oxide is being removed in the modified 
Hempel pipette, D may be charged with fresh nitrous acid and freed 
from air (first stage of next analysis), so that one can run off 
determinations at the rate of one every seven or eight minutes. 
(4) The motor increases not only the convenience and speed of the 
method but also its reliability. The only errors likely to occur 
in the original method were those due to insufficient shaking of D 
or of the pipette; in the former case the nitrogen is incompletely 
expelled from the nitrous acid solution, and results are too low; 
in the latter case the nitric oxide is incompletely absorbed and 
results are too high. The possibility of the occurrence of either 
error is reduced to a minimum by a mechanical shaking device. 
(5) The use of rubber tubes to carry off overflows and used up 
solutions decidedly enhances the neatness of the apparatus, facili- 
tates cleaning, and protects the hands of the manipulator from 
nitrous acid. 

The first of the above cited advantages, freedom from the ne- 
cessity of disconnecting the apparatus between analyses, was 


* Robert Goetze, 4 Hértelstrasse, Leipsic, supplies the glass parts for 
about Mk. 28; Emil Greiner, 45 Cliff Street, New York, for $10. 
- * When the method is used for infrequent analyses, the motor is, of course 
superfluous. Even when the shaking is done by hand, however, the new 
apparatus is more convenient than the old. The parts, minus the driving 
mechanism, are arranged as shown in the photograph, except that the modi- 
fied Hempel pipette is brought around to the side of the gas burette opposite 
the deaminizing bulb where it can be reached more conveniently. 
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introduced by Klein® who substituted for the rubber-stoppered 
deaminizing bottle of the original apparatus, a bulb, to the bottom of 
which, as in D, the inlets and outlets for liquid were sealed, while the 
gas escaped through a capillary at the top. Klein’s modification, 
compared with the original,,had the disadvantages that the amino 
solutions could not be measured directly into the deaminizing 
chamber from a burette, like B, but had to be washed in, and that 
the time required for the determination was lengthened by the 
changes required in the manipulation. Nevertheless, the advan- 
tage of a one-piece, all-glass deaminizing vessel was made so evi- 
dent by the use of Klein’s modification that we attempted to com- 
bine this advantage with those of our original apparatus. The 
present apparatus is the result of this attempt, with the additional 
adaptation of both deaminizing vessel and Hempel pipette to use 
with a mechanical shaker. 

The structure of the apparatus and the manner in which it is 
set up are apparent from the accompanying cut and photograph. 


D is of 40-45 cc. capacity, A of about 35 cc. and the burette B of 10 cc. 
The wire from which the deaminizing bulb D is suspended should be fairly 


stiff, and rigidly fastened in position from above so that the loop about . 


the capillary acts as a fixed center. A is then so placed that its center of 
gravity comes near this center and the shaking of D is accomplished with a 
minimum motion in A and, consequently, without putting a dangerous strain 
on the tube which connects A with D. This tube is strong-walled and of 3 
mm. inner diameter. It is essential that the bore of cock a shouldalso be 3 
mm. The reason for this is that during the analysis gas containing some 
nitrogen collects in the tube. Unless a is of as wide bore as the tube the 
liquid from A may flow around the bubble instead of forcing it into D at the 
end of the reaction. The cock d is also of large bore in order to facilitate 
emptying D. The neck connecting D and B must be of at least 8 mm. inner 
diameter in order to allow free circulation of the solution in D up to the cock 
B. The small bulb at the top of D keeps the reacting solution from splash- 
ing into the capillary. 

In order to insure tightness of the cocks and to prevent their becoming 
loosened by vigorous shaking it is well to lubricate them with a paste made 
by dissolving together ever a flame one part of rubber, one part of paraffin 
and two parts of vaseline. 

The structure of the modified Hempel pipette is entirely apparent from the 
photograph. This form would undoubtedly facilitate absorption in all 
gas analyses where shaking is necessary. 


’ This Journal, x, p. 287. 
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278 Determination of Amino Groups 


The driving wheel, as can be seen from the photograph, is so arranged that 
it can be used alternately to shake the deaminizing bulb or the Hempel 
pipette. The driving rod is shown in position for shaking the deaminizing 
bulb. By lifting the rod from the shoulder of D and placing the other hook, 
at the end of the rod, over the horizontal lower tube of the pipette, the power 






































Fic. 2. DEAMINIZING BULB AND CONNECTIONS IN DETAIL. 


is transferred to the latter. Rubber tubes drawn over the hooks at the end 
of the driving rod and those from which the Hempel pipette is suspended 
make the apparatus almost noiseless. For power one can use a good water 
motor. Still more convenient is a small electric motor, particularly when 
connected with a rheostat enabling one to regulate the speed. The gearing 
should be so arranged that the driving wheel, to which the driving rod is 
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eccentrically attached, makes 300 to 500 revolutions per minute. The driv- 


ing rod is attached about 1.5 cm., in no case over 2 cm., from the center of 
. 


the wheel. 


The manipulation is in principle the same as described inthis 
Journal, ix, pp. 189-91. As there are slight variations due to the 
different form of the present apparatus, however, we describe the 
present technique, dividing the determination into three stages, 
as in the original description. 

1. Displacement of air by nitric oxide. Water from F fills the 
capillary leading to the Hempel pipette and also the other cap- 
illary as far as c. Into A one pours a volume of glacial acetic 
acid sufficient to fill one-fifth of D. For convenience, A is etched 
with a mark to measure this amount. The acid is run into D, 
cock c being turned so as to let the air escape from D. Through 
A one now’ pours sodium nitrite solution (30 gm. NaNO, to 100 
ec. H,O) until D is full of solution and enough excess is present 
to rise a little above the cock into A. It is convenient to mark 
A for measuring off this amount also. The gas exit from D is 
now closed at c, and, a being open, D is shaken for a few seconds. 
The nitric oxide, which instantly collects, is let out at c, and the 
shaking repeated. The second crop of nitric oxide, which washes 
out the last portions of air, is also let out at c. D is now con- 
nected with the motor and shaken till all but 20 cc. of the solu- 
tion have been displaced by nitric oxide and driven back into A. 
A mark on D indicates the 20 cc. point. One then closes a and 
turns c and f so that D and F are connected. The above manip- 
ulations require between one and two minutes. 

2. Decomposition of the amino substance. Of the amino solu- 
tion to be analyzed 10 cc. or less, as the case may be, are measured 
offin B. Any excess added above the mark can be run off through 
the outflow tube. The desired amount is then run into D, which 
is already connected with the motor, as shown inthe photograph. 
It is shaken, when a-amino-acids are being analyzed, for a period 
of three to five minutes. With a-amino-acids, proteins or partially 
or completely hydrolyzed proteins, we find that at the most five 
minutes’ vigorous shaking completes the reaction. Only in the 


° Only 95 per cent of the lysine nitrogen reacts in five minutes, but the 
remaining one-twentieth of the lysine nitrogen is a practically negligible 
proportion of the total nitrogen of a complete protein. 
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cases of some native proteins which, when deaminized, form 
unwieldy coagula that mechanically interfere with the thorough 
agitation of the mixture, a longer time may be required. In case 
u viscous solution is being analyzed and the liquid threatens to 
foam over into F, B is rinsed out and a little caprylic alcohol is 
added through it. For amino substances, such as amino-purines, 
requiring a longer time than five minutes to react (cf. p. 191, former 
article), one merely mixes the reacting solutions and lets them 
stand the required length of time, then shakes about two minutes 
to drive the nitrogen completely out of solution. 

When it is known that the solution to be analyzed is likely to 
foam violently, it is advisable to add caprylic alcohol through B 
before the amino solution. B is then rinsed with alcohol and dried 
with ether or a roll of filter paper before it receives the amino solu- 
tion. 

3. Absorption of nitric oxide and measurement of nitrogen. The 
reaction being completed, all the gas in D is displaced into F by 
liquid from A and the mixture of nitrogen and nitric oxide is driven 
from F into the absorption pipette. The driving rod is then con- 
nected with the pipette by lifting the hook from the shoulder of 
d and placing the other hook, on the opposite side of the driving 
rod, over the horizontal lower tube of the pipette. The latter is 
then shaken by the motor for a minute, which, with any but 
almost completely exhausted permanganate solutions, completes 
the absorption of nitric oxide. The pure nitrogen is then meas- 
ured in F. During the above operations a is left open, to permit 
displacement of liquid from D as nitric oxide forms in D. 

Testing completeness of reaction. Particularly when the mechani- 
cal shaker is used, there is little danger of failing to obtain a com- 
plete evolution of nitrogen. The point may be tested, however, 
as follows. The nitrogen from F is driven out at c; a is closed and 
D connected with F. The gas which has formed in the nitrous 
acid solution in D during the absorption of the nitric oxide and 
measurement of nitrogen is shaken out and driven over into F 
and then into the Hempel pipette as before. After absorption of 
the nitric oxide, the gas left should not measure more than that 
obtained in blank tests, usually less than 0.1 ec. After the gas has 
all been forced from D over into F at the end of the reaction, the 
nitrous solution is run out from D, by opening d, through a tube 
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leading toa drain. B is rinsed and dried with a roll of filter paper 
or with alcohol and ether and the apparatus is immediately ready 
for use again. _ 

Blank determinations, performed as above except that 10 cc. of 
distilled water replaces the solution of amino substance, must be 
performed on every fresh lot of nitrite used. The amount of gas 
obtained on a five-minute blank is usually 0.3 to 0.4 cc., with very 
little increase for longer tests. Nitrite giving a much larger cor- 
rection should be rejected. 

The following determinations, performed with an #5 solution of 
leucine indicate the speed of the reaction. The correction applied 
for reagents was 0.40 cc. Ten cubic centimeters of # leucine 
solution, containing 14.01 mgm. of nitrogen, were used for each 
determination. 














| | | nie tas ' 
| - | N OBTAINED - 
TIME OF | ‘TEMPER- | | ON SECOND TOTAL 

REACTION N | Varore | PRESSURE) opraiweD | SHAKING OF | OBTAINED 


| SOLUTION 














| ere. ae a 
| | 











minutes ce. 












| degrees C. | mm. | mgm. ec. mgm. 
2 24.38 | 23 762 | 13.71 | 0.45 | 13.07 
3 24.65 | 22 762 | 13.93 | 02 | 14.03 
4 | 280 |} 22 | 762 | 14.01 | 0.00 4 14.01 : 
10 25.07 24 762 | 14.03 0.00 14.03 . 





The driving wheel was making 300 revolutions per minute. 
At speeds of 400 or 500 revolutions the reaction can be driven to 
completion in three, or, with higher room temperature, in two 
minutes. 

The rate of reaction ol a ammonia is shown in the following table. 
Ten cc. portions of } ammonium sulphate solution, containing 
28.02 mgm. of es each, were used. 

















PER CENT OF 





TIME OF | N 














REACTION | TEMPERATURE | PRESSURE WEIGHT OF N TOTAL AMMONIA 
NITROGEN 
minuies ce. | degrees C. mm. mgm. 
3 12.1 | 24 | 752 6.86 21.6 
5 18.4 | 24 | 752 10.16 36.3 
10 31.5 | 24 | 752 17.38 62.1 





y 


As “intel out: before, ammonia reacts slowly cient: with the 
amino-acids. For accurate determination of NHz nitrogen in digest- 
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ing solutions, etc., it is advisable to first remove the ammonia; although 
good comparative results can be obtained, in the presence of the 
relatively small proportion of ammonia usually present, if reaction 
conditions of time, temperature, and concentration of solutions 
are kept constant, so that the proportion of the ammonia decom- 
posed is the same in each determination. The ammonia can be 
conveniently removed and determined by distillation with Ca(OH), 
under diminished pressure, as described on page 21, vol. X of this 
Journal. After the distillation the excess Ca(OH), is dissolved 
with acetic acid. It is essential that all the ethyl alcohol should 
be distilled off, as it decomposes nitrous acid with formation of 
large volumes of gases which can be removed with permanganate 
only with difficulty and by the use of perfectly fresh permanganate 
solution. The point at which the alcohol has all been boiled off 
is usually indicated when the solution begins to foam in the dis- 
tilling flask. 

The following results were obtained with lysine picrate. Lysine, 
as previously stated, reacts more slowly than the other amino- 
acids because it contains not only an a-amino group but also an 
w-amino group. In the fifteen and thirty-minute determinations 
the solution was shaken only during the last five minutes. 


WEIGHT < : ; 
or tysinE TIME OF N TEMPER- | .RESSURE NH-N NH:-N 
ricnate | REACTION ATURE FOUND CALCULATED 


cubeiibin ce. degrees C. q mm. ‘pwrant : per cent 
5 25. 24 | 764 7.13 7.47 

15 26. 24 | 764 7.49 7.47 
200 30 26. 24 764 7.49 7.47 


Solutions to be analyzed should be free of ethyl alcohol and 
acetone. These substances when mixed with nitrous acid give 
off gases or vapors which are with difficulty absorbed by the per- 
manganate. 

Amyl alcohol, which in the original description of the amino method 
was recommended to prevent the foaming of viscous solution, must be 
replaced for this purpose by caprylic alcohol [Kahlbaum’s “ octy]- 
alkohol (sekundir) I’’). Amyl alcohol, boiling at 131°, has the 


disadvantage of a very noticeable vapor yn 
solution apparently possesses the power t orb slight amounts 
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of amyl alcohol vapor. Particularly on hot days, however, and 
when relatively much of the alcohol is used, it is necessary to change 
the permanganate with every analysis or else reduce the volume of 
gas observed by multiplication with an empirically determined 
factor. 

The following determinations illustrate this point. They were 
performed with 7 leucine’ solution, using 1 ce. of amyl alcohol 
in each case. The temperature was 27°, the pressure 756 mm. 
The analyses were done in rapid succession, using the same per- 
manganate solution with all. 














| 
NUMBER | I LEUCINE — | GAS OBSERVED | wt) ed 
ce. ae porns | ; ce. 
‘oe 10 s. | 2 1.015 
eae 10 | 27.8 | 25.7 1.082 
3 10 | 76 | 25.7 1.079 
4 10 A ie od ae 1.079 
5 5 | ue: |. was 1.079 





Theoretically a higher alcohol should be more adapted to the 
purpose, since, as the size of the alcohol molecule increases, the 
volatility diminishes, while the effectiveness in reducing the sur- 
face tension of aqueous solutions increases. Kahlbaum’s second- 
ary octyl (caprylic) alcohol, which is not very expensive, was found 
satisfactory in every respect. It is so efficient in preventing foam 
that when a few drops are added, a2or3 percent egg albumin solu- 
tion can be analyzed without difficulty, even when the reacting 
solution is shaken rapidly with a motor. The fact that it does not 
interfere to the slightest extent with the accuracy of the results 
is shown by the following determinations. They were performed 








NUMBER Te LEUCINE | GAS OBSERVED ee 
ce. | cc. | cc. 

1 10.00+0.04 | 25 .95 | 25.95+0.10 

2 10.00+0.04 25.90 | 25.95+0.10 

3 10.00+0.04 | 25.95 | 25.95+0.10 

4 10.00+0.04 | 26.00 |  25.95+0.10 

5 10.00+0.04 | 25 85 | -25.95+0.10 





’ For results with glycocoll, cf. accompanying paper on glycocoll picrate. 


TRE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XII, NO. 2. 











ee 


pA Me RR eS, 





284 Determination of Amino Groups 


in the same manner as those with amyl alcohol and with the same 
7y leucine solution. The temperature was 29°, as warm as a labor- 
atory often becomes, and the pressure 756 mm. The first deter- 
mination was a control, without the octyl alcohol. 

For convenience in calculating results the following table is 
appended. The figures are calculated by dividing by 2 those 
for moist nitrogen given by Gattermann in the Prazis des organi- 
schen Chemikers, ninth edition. They represent the weights of 
amino nitrogen in milligrams which correspond to 1 cc. of nitrogen 
gas, obtained by the action of nitrous acid and measured over 
water, at the temperatures and atmospheric pressures indicated. 
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THE COMPOSITION AND PROPERTIES OF GLYCOCOLL 
PICRATE AND THE SEPARATION OF GLYCOCOLL 
FROM ALANINE. 


By P. A. LEVENE ann DONALD D. VAN SLYKE. 
(From the Rockefeller Institute for Medical Research, New York.) 


(Received for publication, July 2, 1912.) 


Glycocoll picrate was first described by Levene,’ who demon- 
strated its value in separating the mixture of glycocoll and alanine 
encountered in the hydrolysis of most proteins. He assigned to 
it the structure, C,H;NO2.CsH3N3;07, regarding the substance as 
a combination of one molecule each of glycocoll and picric acid. 
We find that this was an error, and that, as reported by us some 
months ago at the Christmas meeting of the Society of Biological 
Chemists, the picrate contains two molecules of glycocoll in com- 
bination with one of picric acid. The fact that Levene and others 
who have since used the picrate in the isolation of glycocoll have . 
not detected this error is easy to explain. Picric acid and glycocoll 
contain practically the same percentage of carbon and nitrogen, 
so that determinations of the percentages of these elements, which 
are ordinarily most to be relied upon, give no clue whatever to the 
proportions in which the two constituents of the salt are present. 
Even the difference in hydrogen contents is so low that picrates 
with respectively one and two molecules of glycocoll would vary 
by only 0.8 in their hydrogen percentage. Consequently the entire 
elementary composition affords no reliable data for determination 
of the structure of the substance. 

In addition to this, the problem was complicated by the readiness 
with which free picric acid crystallizes. When enough or more than 
enough picric acid to form the salt of supposed monomolecular 
composition is added in hot solution to the glycocoll, a portion of 
the excess of picric acid crystallizes with the picrate when the 


' This Journal, i, p. 413. 
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solution is cooled. In this manner it is easy to obtain mixtures 
of glycocoll picrate and free picric acid containing almost as much 
of the latter as is required by the monomolecular formula. The 
excess picric acid is, however, merely a mechanical admixture. 
It can be removed by recrystallizing the substance, or by merely 
shaking it out with ether, which leaves behind the pure salt, 
(CoHsNO>)2.CgsH307N3. 

For determining analytically the purity of the salt, and in par- 
ticular its freedom from excess picric acid, the elementary com- 
position is, as already stated, of little significance. Two other 
methods are available: (1) The proportion of glycocoll can be 
estimated by determination of the amino nitrogen by the nitrous 
acid method.? This is the simplest method, and the one by which 
the correct composition of the picrate was first detected. (2) 
The salt can be decomposed with an excess of mineral acid, the 
picric acid shaken out with ether and the glycocoll and picric 
acid weighed separately. Results by this method confirm those 
by the amino determination. 


EXPERIMENTAL. 
The reaction of glycocoll with nitrous acid. 


As already stated by one of us,* glycocoll when treated with 
nitrous acid gives off a volume of gas, not absorbed by alkaline per- 
manganate, which exceeds by several per cent that calculated 
for one molecule of nitrogen. Results are sufficiently constant, 
however, to enable one to obtain good figures for the amino nitrogen 
if an empirical correction is used. As the amino determination is 
the only practical method for analysis of the picrate, the following 
analyses of glycocoll’ were made in order to determine accurately 
the empirical correction under definite conditions. 

In the analyses given below the solutions of glycocoll were mixed 
with the nitrous acid in the apparatus described in the previous 
article. The reacting solutions were allowed to stand five, eleven 
or thirty minutes, then shaken one minute by hand to expel the 
dissolved nitrogen. Glycocoll contains 18.69 per cent of nitrogen. 


2 Van Slyke: this Journal, ix, p. 185; also, cf. preceding article. 
* Van Slyke: this Journal, ix, p. 199. 
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PERCENTN | 
WEIGHT OF | TIME OF GAS TEMPER- | paessuRE | CALCULATED | 
GLYCOCOLL | REACTION |MEASURED| ATURE | FROM GAS | 


VOLUME | 


PER CENT OF 
THEORETICAL 
N 

















gram minutes ce. degrees C. | mm. 

0.0801 6 27.8 2. | 7 19.94 106.7 

0.0801 12 28.7 21 | 770 20.59 110.1 
| 770 21.01 112.4 


29.2 21 


0.0801 31 


The following results were obtained from analyses in which the 
reacting solutions were shaken constantly and rapidly with a motor 
from the time at which they were mixed till the reaction was dis- 





continued. 

willed’ aatieml Ts es | eden | remount | van cent oF 

GLYCOCOLL | REACTION | MEASURED, TURE | P**SSURE | prowgas | THBORYTICAL 

VOLUME 

gram | minutes ce. degrees C. mm. 
Sie ee oe ee es 105.5 
0.0768 | 2 | 2.6 | 2% | 754 20.13 107.7 
0.0768 | 3 | 2.7 | 2 | 754 | 20.20 108.0 
one: Ss Pie +t «@ | me | es 107.7 
0.0768 | 5 | 23.25 | 2 | 758 | 20.12 107.7 
0.0768 | 40* | 29.00 | 20 | 758 | 20.58 111.3 


| | 





*The 40-minute determination was shaken only during the last five minutes. ; 


From the above figures it is apparent that when the reacting ~ 
solutions are allowed to stand five minutes and are then shaken 
one minute, the results require, for correction, multiplication by 





the factor, or 0.94, while, when the mechanical shaker is 


100 
106.7 
used for two to five minutes, a factor of 0.93 is required. The 
above conditions and corrections were used in the analyses of gly- 
cocoll picrate, with consistent results. It should be noted, that 
while making analyses of pure glycocoll solutions one must change 
the permanganate absorbent solution oftener than when analyzing 
other amino-acids, as the abnormal gases given off by glycocoll are 
less completely taken up by the permanganate after the latter has 
been used for four or five analyses of this amino-acid. 





Composition of glycocoll picrate. 


1. Samples of glycocoll picrate prepared according to Levene’s 
original directions, using 4 parts of picric acid to 1 of gly- 
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cocoll (1.5 parts is the proportion actually required to form 
(CsHsNOz2)2.CsH3N307), showed amino nitrogen contents varying 
between that required for the supposed monoglycine picrate and 
diglycine picrate. The melting points varied between 185° and 
195°. When such picrates were recrystallized from enough solvent 
to hold in solution the free picric acid present the pure diglycine 
picrate was obtained, softening at about 200° and decomposing 
at 202°. The following case is an example. A picrate obtained 
by Levene’s original method from gelatin showed an amino con- 
tent of 6.9 per cent and a melting point of 188°. It was recrystal- 
lized from water and then melted at 200°. It gave the following 
figures on analysis: 


Substance, 0.1900; 25.7 ec. N at 768 mm., 21° (with HNO). 
Substance, 0.1541; CO», 0.1796; H.O, 0.0492. 


Calculated for 
(C2HsN O2)2.CeHsN307: Found: 


7.39 7.28 
31.67 31.76 
3.43 3.57 


Five grams of the picrate were dissolved in 50 ce. of hot water and the 
picric acid freed with 30 cc. of ¥ sulphuric acid. The picric acid was shaken 
out with ether. Evaporation of the ethereal extract yielded 3.001 grams of 
picric acid melting at 122°. The sulphuric acid in the aqueous solution 
was precipitated by the addition of an exact equivalent of barium hydrate 
solution which had been titrated against the same ¥ sulphuric acid. The 
filtrate from the barium sulphate was concentrated to dryness and yielded 
2.007 grams of glycocoll melting at 228-230°. 

(CHNOw)ACoHsH¢Or; Found: 
| ESE She eee 60.26 60.02 
Glycocoll 39.74 40.15 


The glycocoll gave the following figures on analysis: 
Substance, 0.1240; COs, 0.1463; HO, 0.0752. ~ 


Cilelated for Found 


31.97 32.19 
6.73 6.84 


2. Samples of glycine picrate can readily be prepared, contain- 
ing abnormally high amounts of picric acid, by crystallization from 
solutions containing more than the required 0.5 molecule of picric 
acid per molecule of glycgcoll. That the excess of picric acid is 
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merely a mechanical admixture, however, can be shown by extract- 
ing it with anhydrous ether. 

Two grams of glycocoll and 6 grams (1 molecule) of picric acid 
were dissolved in 20 cc. of hot water and allowed to crystallize at 
0°. The crystals were washed with ice water, followed by a little 
alcohol and ether and dried in a vacuum. Yield, 3.79 grams. 
The substance softened at 185° and melted at 190°. 


AnaLysis: 0.1726 gram substance; 18.7 cc. N at 20°, 764mm. Using the 
factor 0.94, this gives amino nitrogen as 5.85 per cent. The calculated 
amount for the diglycine picrate is 7.39, for the monoglycine picrate, 
4.61 per cent. 


The substance was ground fine and extracted with several por- 
tions of boiling anhydrous ether, the extraction being continued 
until the extracts were no longer colored. The residue now ob- 
tained melted at 200° and the amino nitrogen content was raised 
to nearly the calculated value for the pure diglycine picrate. 


ANALYsIs: 0.1529 gram substance; 20.25 cc. N at 18°, 760 mm. 


Calculated for F a: 
(C2HsNOz2)2.CeHsN;307: ound: 


Pah 2s Ce PERL ks 1 seeks 7.39 7.19 
As before, the factor 0.94 was used. 


Another sample with high picric acid content was obtained by - 
dissolving 7.6 grams of diglycine picrate in 20 ec. of water with 
4.6 grams (1 molecule) of picric acid. The product, obtained by 
crystallization at 0°, weighed 5.49 grams and contained only 5.49 
per cent of amino nitrogen. After extraction with ether it gave 
figures for the pure diglycine picrate. 


ANALYsIs: 0.1423 gram substance; 19.5 ec. N at 21°, 770 mm. 


Calculated for ’ 
(C2HsNOxz)2.CeHsNsOr: Found: 


WU tie new Gib bo kd oats as ieees 7.39 7.42 


Incidentally these experiments bring out the fact that the presence 
of an excess of free picric acid greatly increases the solubility of 
glycine picrate. ‘Twenty cubic centimeters of water at 0° dissolve 
only 0.35 gram of diglycine picrate, equivalent to 0.14 gram of 
glycocoll. In the presence of an excess of picric acid, however, 
there remained in solution in the first of the above two experiments, 
0.8 gram of glycocoll, and in the second, 1.4 gram. 
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3. The presence of free picric acid does not prevent the crystal- 
lization of diglycine picrate in pure condition, provided the solvent 
used is capable of holding in solution all the excess picric acid. The 
latter decreases the yield of diglycine picrate, but does not affect 
its composition nor crystallize with it. 

In each of the following three experiments 2 grams of Kahl- 
baum’s glycocoll were dissolved in 10 cc. of water. To these 
solutions were added respectively one, two and three times the 
amount of picric acid required to form diglycine picrate, the 
acid being in each case dissolved in 40 cc. of 95 per cent alcohol 
before it was added to the glycocoll solution. It was previously 
ascertained that 50 cc. of 76 per cent alcohol are capable of hold- 
ing in solution, even at 0°, the amount of free picric acid present. 
The solutions were allowed to stand over night at 0° for crystalli- 
zation to become complete. The crystals were washed in each 
case with uniform portions of 50 per cent alcohol, 95 per cent alco- 
hol and once with ether. The results of the experiments are given 
in the following table. 








| 
| YIELD OF GLYCINE NH:2-N 
PICRATE CALCULATED 


J 
GLYCOCOLL PICRIC ACID 


grams grams | per cent per cent 
| 3 by hell 7.45 7.39 

6 2.87 . 7.39 
| 9 | 1.52 7.39 


” The picrate melted at 199°-200° in each case. 


grams 











Conditions for precipitation of glycine picrate. 


Glycine picrate is much less soluble in alcohol than in water; 
but, as aleohol precipitates the amino-acids from which glycocoll 
has usually to be separated, the conditions for precipitation of 
the latter as completely as possible in water solutions had to be 
determined. In the following experiments a supersaturated solu- 
tion was made by dissolving glycine picrate in warm water. Por- 
tions of this solution were cooled to the temperatures indicated 
and maintained there for several hours. They were then filtered 
and 10 ec. portions of the filtrates used for determinations of amino 
nitrogen. All the solutions deposited crystals as soon as they 
were cooled to their respective temperatures and they were stirred 
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occasionally while standing in order to assure approximate attain- 
ment of solubility equilibrium. 








| | - 
TEMPER- | N | TEMPERATURE | sossune Been ne tl "seen = 
ATURE or N lo en SOLVED IN 
| ‘ 100 cc. 
Wes % ae RES SECC IE Poe nee See eae eee 
degrees C. ce. degrees C. mm, 
21 | 2.6 16 mM. 1 se 4.35 
11 16.2 13 752 0.95 2.42 
0 i.e 16 766 0.698 1.76 
6. Sa 18 764 0.698 1.76 


From the above it is evident that the solubility of glycine picrate 
rises very rapidly with the temperature and that cooling completely 
to 0° is necessary to attain most complete precipitation. 

The following experiment was performed in order to determine 
approximately how much time is required for precipitation at 0° 
to reach its maximum. A 10 per cent solution of glycine picrate 
was cooled to0° by shaking the containing flask in ice water. 
Crystallization began before the solution reached 0° and was com- 
plete within fifteen minutes after that time. Portions of the solu- 
tion were filtered off and used for amino determinations as described 
in the preceding experiment. 





| GRAMS GLYCO- 
GRAMS GLYCO- | 
TIME OF | TEMPERATURE | COLL PICRATE 
REACTION N or N PRESSURE (COLL DESOLVED! DeSOLVED IN 
tN 100 cc. 100 
cc. 
| ce. degrees C mm 
} e } ~~ 
| 15 min. | 11.90 18 764 | 0.694 | 1.75 
/ € | ¢ _ — 
3 hrs. | 12.20 22 764 0.698 | 1.76 








| - a ———________-—_____ ee 


Gravimetric solubility determinations showed that 50 per cent 
alcohol at 21° dissolves per 100 cc., 2.13 grams of glycine picrate, 
absolute alcohol only 0.16 gram. 


Separation of glycocoll from alanine. 


In a solution containing only glycocoll and picric acid it has been 
shown above that the presence of an ¢xcess of picric acid above the 
amount required to form diglycine picrate increases the solubility 
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of the latter and makes the precipitation less complete. When, 
however, alanine is also present it prevents the solvent effect 
of an excess of picric acid, at least so long as the amount of the 
latter does not exceed one-half molecule for each atom of amino- 
acid nitrogen present. In fact, the presence of excess picric acid 
up to this point actually depresses the solubility of the glycine 
picrate, and makes its precipitation more complete than when 
only enough picric acid to combine with the glycocoll is added. 
The following two experiments illustrate this point. 

Separation of alanine and glycocoll using only enough picric acid 
to combine with the glycocoll. One gram of glycocoll, 1.5 grams (1 
molecule) of picric acid and 1 gram of alanine were dissolved in 15 
ce. of hot water and cooled to 0°. After several hours the crystals 
were filtered on a cold suction funnel, washed twice with a few 
cubic centimeters of ice water and then several times with 95 per 
cent alcohol. The dried product weighed 1.96 grams, containing 
0.78 gram of the original 1.00 gram of glycocoll. The picrate was 
pure, softening first at 200° and decomposing at 202°. 

Separation of glycocoll from alanine, using one-half molecule of 
picric acid for each molecule of amino-acid. One gram of glycocoll, 
1 gram of alanine and 2.78 grams of picric acid were dissolved in 
15 ec. of water. The precipitate was treated in the same manner 
as that in the preceding experiment. In this case, however, the 
yield was larger, 2.22 grams of picrate, equivalent to 0.89 gram 
of glycocoll. The melting point was 197° showing that the picrate 
was not entirely pure. This was confirmed by the analysis, which, 
however, indicates that the picrate was 96 per cent pure, contain- 
ing about 4 per cent of free picric acid. 


Substance, (I) 0.1550 gram, (II) 0.1680 gram; N, (I) 20.3 ce., (11) 22.2 ce. 
at 20°, 764 mm. ; 


Calculated for Found: 
(C2HsNOx2)2.CeH3N307: II 


I 
RS BI? 7.39 7.05 7.11 


Separation of glycocoll from alanine, with isolation of the alanine. 
The alanine used in this experiment, like that in the two preceding, 
was an optically active sample prepared from hydrolyzed silk and 
purified by repeated recrystallization. It was analytically pure 
and gave the following figures for rotation in the yellow rays of a 
light purified by a Schmidt and Haensch spectroscope. 
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Substance, 0.1214; solution, containing an equivalent of HCl, 1.568 gram; 
concentration of alanine hydrochloride, 10.91 per cent; sp. gr., 1.03; rota- 
tion in 1 dm. tube, + 1.17°. 


[a] 5 = +10.5° + 0.1° 


Fischer gives 10.4°+0.2°. The glycocoll used was Kahlbaum’s. 

One gram of alanine, 1 gram of glycocoll and 1.8 grams of picric 
acid (0.6 molecule for the glycocoll) were dissolved in 7 cc. of hot 
water. The solution was allowed to stand at 0° until crystalliza- 
tion was complete. The crystals were washed as before on an ice- 
cold suction funnel, with a little ice water, followed by alcohol. 
The yield was 2.29 grams, equivalent to 0.91 gram of glycocoll. 
The product decomposed at 202° and was quite pure. 


Anatysis: 0.1611 gram substance; 22.9 ec. N. 


Calculated for 
(C2HsNO2)2.CeHsNs07: Found: 


eis Sieh eas Sas ea tee er 4 tess 7.39 7.40 


The analysis was performed with the mechanical shaker so that 
the factor 0.93 was used. 

The filtrate from the picrate was acidified with 20 cc. of * sul- 
phurie acid and shaken out several times with ether, until the 
yellow color of picric acid had entirely disappeared. The solution 
was then heated on the steam bath and the sulphuric acid was pre- 
cipitated by the addition of an exact equivalent of barium hydrate 
solution which had previously been titrated against the sulphuric 
acid used. The filtrate from the barium sulphate was evaporated 
to dryness. It left 1.09 grams of residue which contained 1.0 
per cent of ash. The substance on combustion gave figures approx- 
imating those for alanine, but 0.5 per cent low, indicating the pres- 
ence of a small proportion of glycocoll. 


Substance (ash-free), 0.1275 gram; CO», 0.1871; H2O, 0.0890. 
Caiculated for Calculated for 


C:HsNO:: CsHrNO:: Found: 
: FEO ee hy ee ee 31.97 40.42 39.92 
RR eR aS LR 6.73 7.93 7.85 


The sharpest differentiation between the two substances is 
given by the rotation, as glycocoll is inactive. The rotation, like 
the yields of picrate and alanine, indicated that 9 per cent of the 
glycocoll had gone into the filtrate with the alanine. 
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Substance (ash free), 0.1120 gram; solution, containing an equivalent of 
HCl, 1.551 gram; concentration, of alanine hydrochloride, 10.15 per cent; 
sp. gr., 1.03; rotation, + 0.99°. 


[a], = + 9.5° + 0.1° 


We confirmed the experience of Levene in failing entirely to ob- 
tain a picrate of alanine. No compound of picric acid and alanine 
could be induced to crystallize from any concentration in water 
solution; and, when such a solution of alanine and picric acid was 
precipitated by addition of alcohol, the precipitate consisted of 
pure alanine. 


SUMMARY. 


Glycine picrate is composed of two molecular weights of glyco- 
coll in combination with one of picrie acid. It softens at 199°- 
200° and decomposes at 202°. A correct melting point is ordi- 
narily good proof of its purity, as the presence of a few per cent of 
free picric acid or of alanine depresses the melting point several 
degrees. The picrate is extremely soluble in hot water. At 0°, 
however, 100 cc. dissolve only 1.76 grams of picrate, containing 
0.7 gram of glycocoll. 

To separate glycocoll from alanine, the mixture is dissolved in 
three to four parts of hot water. In this solution is also dissolved 
an amount of picric acid which exceeds that required to combine 
with the glycocoll present (1.5 grams of picric acid combine with 
1 gram of glycocoll), but does not exceed that required to combine 
with the mixture, if all the amino nitrogen present is calculated as 
belonging to the glycocoll. The solution is cooled to 0° and allowed 
to remain at that temperature until crystallization is complete, 
which usually occurs in less than an hour. The glycine picrate is 
washed with a slight amount of water at 0°, followed by 95 per cent 
alcohol. The purity is controlled by the melting point and amino 
nitrogen determination. The filtrate from the picrate is treated 
with an excess of ¥ sulphuric acid and freed from picric acid with 
ether. The sulphuric acid is then precipitated by an equivalent of 
titrated barium hydrate solution. The alanine is left as a residue 
when the filtrate from the barium sulphate is concentrated to dry- 
ness. It still contains several per cent of glycocoll, but can be 
obtained, as above described, over 90 per cent pure. 








THE CONDITIONS FOR COMPLETE HYDROLYSIS 
OF PROTEINS. 
By DONALD D. VAN SLYKE. 
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Henriques and Gjaldbaek,! in an article devoted chiefly to a study 
of the above subject with the formol titration, find that, when pro- 
teins are hydrolyzed with acid, both amino nitrogen and ammonia 
increase up to a certain point, at which the amino nitrogen attains 
its maximum. When hydrolysis is continued beyond this point, 
a transformation of amino nitrogen into ammonia follows, indicat- 
ing a deaminization of some amino-acid or acids. The point at 
which the amino nitrogen reaches a maximum, with the least pos- 
sible formation of ammonia, they define as the end point of the 
hydrolysis. 

From the results of acid hydrolyses performed under various 
conditions Henriques and Gjaldbaek conclude that the most cer- 

‘tain method for obtaining the above end point is treatment with 

3N hydrochloric acid in an autoclave at 150° for one and one-half 

hours. With casein, Witte peptone and calves’ flesh, complete 
hydrolysis could also be obtained by boiling with 20 per cent hydro- 
chlorie acid for twelve hours. With egg albumin, however, the 
results were different. The amount of amino nitrogen present 
after six hours’ boiling with 20 per cent acid was only 89 per cent 
of that obtained by autoclave hydrolysis, and continuation of the 
boiling for six hours more resulted in no increase. From this it 
appeared that, in egg albumin at least, some peptid linkings exist 
in such an unusually stable condition that they can be split only 
by the autoclave hydrolysis. 

Both Osborne and Guest? and the writer* have based protein 
analyses on the assumption that hydrolysis is complete when the 
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‘ Zeitschr. f. physiol. Chem., \xvii, p. 8. 
* This Journal, ix, p. 335; ix, p. 425. 
* Ibid., x, p. 15, 1911. 
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amino nitrogen set free by boiling with 20 per cent hydrochloric 
acid reaches a maximum (sometimes attained only after twenty- 
four hours or more boiling). The results of Henriques and Gjald- 
baek with egg albumin necessitate a test of the validity of this 
assumption. 


EXPERIMENTAL. 


Portions of 1.5 grams of each protein, in air-dry condition, were placed in 
test tubes of 100 ce. capacity. To the tubes used in autoclave experiments 
50 cc. portions of 3n hydrochloric acid were added; for experiments at 100° 
the same volume of 20 per cent hydrochloric acid was used. The tubes for 
autoclave hydrolysis were warmed in a water bath for a short time when 
necessary in order to bring the proteins completely into solution before 
placing them in the autoclave. The latter was placed in an oil bath at 175°. 
When the bath and autoclave reached equilibrium the temperature had 
fallen to 150°, and it was maintained at this point for the one and one-half 
or three hours duration of the experiment, at the end of which the autoclave 
was removed from the bath and allowed to cool in the air. The tubes for 
hydrolysis at 100° were loosely stoppered and were immersed in a bath of 
boiling water for intervals of ten, twenty-four, or forty-eight hours. 

After hydrolysis the hydrochloric acid was distilled off as completely as 
possible under diminished pressure. The ammonia was then determined by 
distillation at 15-20 mm. pressure with calcium hydrate and alcohol, as 
described in the writer’s method for analysis of proteins. The undissolved 
calcium hydrate was filtered off and the adsorbed melanin determined by 
the Kjeldahl method.* The filtrate was neutralized with hydrochloric 
acid, concentrated under diminished pressure agl brought to 100 ce. Dupli- 
cate portions of 20 cc. were used for Kjeldahl determinations, and 10 cc. 
portions for estimation of amino nitrogen by the nitrous acid method.® 
The difference between the Kjeldahl and NH; determinations gives the non- 
amino (NH) nitrogen. This includes one NH: group, that of the guanidine 
nucleus of arginine, which does not react with nitrous acid. The results 
are given in percentages of the total nitrogen of the proteins. 


4 This Journal, x, p. 20. 
5 [bid., x, p. 21. 
6 Thid., ix, p. 185. 
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TABLE I. 
Casein. 

NYDROLYSIS ‘iE Eiicaail 100° * 100° 150° 150° 160° 
TIME me HYDROLYSIS | 10 hrs. | 24 hrs. 48 hrs. 1} hrs. 3 hrs. 3 hrs. 
Mie 6 60sk hitiee 8.9 | 9.4 10:1. 1 9.8 98 | 12.1 
Nile” ..s:5- 65.2 | 72.4 | 72.1 72.6 71.1 67.9 
| Ra RE re 23.8 | 16.1 | 16.1 16.3 17.0 18.0 
Melanin... 2.1 | 2.1 | 1.8 1.3 2.0 2.0 


* Osborne and Guest (This Journal, ix, p. 334) found 71.7 per cent of nitrogen present as NH: in 
casein completely hydrolyzed by boiling 48 hours with 20 per cent HCl. 


TABLE II. 


Edestin. 
TEMPERATURE OF HYDROLYSIS 100° | 100° | 100° 110° 150° ~=—-:150° «160° 
TIME OF HYDROLYSIS 10 hrs. | 24 hrs. | 48 hrs. ; 1} hrs. | 3 hrs. | 3 hrs. 
Wil linc sigsact othe foo Xidiinnae ed BED OS) ab] O81 1881 A 
Deis ionitk dato ks cis Oth bs eek 53.5 | 61.9 62.8 61.1 60.3 61.6! 59.3 
Pees Sac eoce. | nena n yore 36.2 | 27.5 | 25.3 | 26.3 27.0 | 24.5 | 24.3 
pS RE rae eee a eee 1.8] 1.4] 2.1/ 1.9] 2.9] 1.0] 1.0 


* Results at 110° are taken from figures libel in the paper on Analysis of Proteins, this 
Journal, x, p. 15. The proteins were boiled with 20 per cent hydrochloric acid twenty or more 
hours, until the amino nitrogen became constant. 


TABLE III. 


Wheat gliadin. 


plage = iad 100° 100° 100° 110°+ 150° 150° 
TIME OF HYDROLYSIS 10 hrs. 24 hrs. 48 hrs. 14 hrs. 3 hrs. 
NH... God Aa 23.7 24.4 24.8 25.5 24.5 25.6 
Ne 51.3 57.3 57.1 57.2 56.9 57.1 
Ry 6c. 22.7 16.1 | 16.0 16.3 16.4 17.2 
Melani...) 2.3 2.2 i ae 0.9 2.1 0.2 


* Osborne and Guest (This Journal, ix, p. 425) obtained 59.2 per cent nitrogen in amino form in 
completely hydrolyzed gliadin. Our somewhat lower figure is probably due to a difference in the 
gliadin preparation used. 

t Results at 110° are taken from figures published in the paper on Analysis of Proteins, this 
Journal, x, p. 15. The proteins were boiled with 20 per cent hydrochloric acid twenty or more 
hours until the amino nitrogen became constant. 
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TABLE IV. | 
Egg albumin (Merck). 


TEMPERATURE OF HYDROLYSIS — 100° j 100° 





10hrs. | 24hrs. | 


TIME OF HYDROLYSIS 





ah oo Vik euch ia cuheel . ie 8 
NH 9 |. 12.0 
EE Ree, | 





Ox haemoglobin. 





TEMPERATURE OF 100° 
HYDROLYSIS 





TIME OF HYDROLYSIS 10 hrs. 





NH 
Melanin......... 





TABLE VI. 


Wheat gluten. 


TEMPERATURE OF HYDROLYSIS _1000° 


TIME OF HYDROLYSIS 


Melanin 





SUMMARY. 


The percentage of amino nitrogen reaches a definite maximum when 
acid hydrolysis of a protein is complete, and this maximum is the 
same whether the hydrolysis occurs at 100° orat 150°. Approximately 
the same results are obtained by heating at 100° with 20 per cent 
hydrochloric acid for forty-eight hours as by heating in an auto- 
clave with 3Nn acid for one and one-half hours as recommended by 
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Henriques and Gjaldbaek.’? At 100° the amino nitrogen reached 
its maximum within ten hours in no case, but within twenty-four 
hours in every case, except that of gluten, which showed a small but 
definite increase (2.4 per cent) during the second twenty-four- 
hour period. It appears that with less acid than here used (35 
parts of 20 per cent HCI to 1 part of protein) hydrolysis may be 
somewhat slower, as Osborne and Guest found twenty-four hours’ 
boiling with 10 parts of 20 per cent HCl insufficient to completely 
hydrolyze casein. 

The ammonia, as found by Henriques and Gjaldbaek, does not 
reach an absolutely definite maximum, but increases the longer 
hydrolysis is continued. At 150°, prolonging the hydrolysis 
beyond one and one-half hours caused, in the cases of three of the 
} six proteins, an increase of 2.5-4.5 per cent in the ammonianitrogen. 
f" At 160° the increase of ammonia is still more marked and occurs 

at the expense of the amino nitrogen. There is much less ten- 

dency towards deaminization at 100°; the second twenty-four-hour 

period caused an increase of over 0.8 per cent in the ammonia only 

in the case of egg albumin (1.7 per cent). Henriques and Gjald- 

baek have shown that the well known® alteration which cystine 
undergoes when boiled with hydrochloric acid is accompanied 

by deaminization. That any of the other natural amino-acids 

| are deaminized to an appreciable extent, unless heated under 
4 pressure, appears doubtful. That the ammonia, or ‘‘amide nitro- 
: gen,” arises chiefly from the acid amide groups of the asparagine 
X and glutamine in the protein molecule, as indicated by the results 
of Osborne, Leavenworth and Brautlecht,® is consistent with all 
present results. 


ES ORIN ND ny ORLA 







” Loc. cit. 
* Morner: Zeitschr. f. physiol. Chem., xxxiv, p. 207; Van Slyke: this Jour- 

nal, x, p. 38. 

* Amer. Journ. of Physiol., xxiii, p. 194, 1908. 
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GASOMETRIC DETERMINATION OF FREE AND CON- 
JUGATED AMINO-ACIDS IN THE URINE. 


By P. A. LEVENE anp DONALD D. VAN SLYKE. 
(From the Rockefeller Institute for Medical Research, New York.) 
(Received for publication July 2, 1912.) 


The methods for the gasometric determination of total (free 
+ conjugated!) and free*® amino-acid nitrogen in the urine have 
been outlined in preliminary communications by one of us. The 
present paper describes the methods in detail, gives some compara- 
tive results with the gasometric and formol methods, and presents 
the results obtained with a number of normal and pathological 
human urines and with the urines of some dogs under unusual 
experimental conditions. 

For the determination of the total (free and conjugated) amino- 
acid nitrogen of the urine the gasometric method has decided 
advantages over the well known Sorensen formol titration.’ 
Both methods require heating with acid to hydrolyze the conju- 
gated amino-acids (hippuric acid, peptone, etc.). In the actual 
determination, however, the gasometric method has an inherent 
advantage, in that it offers a sharply defined volume of nitrogen 
gas to be measured at a single burette reading; while the formol 
titration necessitates the determination of two end points, one with 
litmus and the other with phenolphthalein, neither point being 
so sharply defined as those commonly used in volumetric work. 
The formol titration is further complicated when, as here, the solu- 
tion to be analyzed is dark in color. This, of course, does not 
interfere with the gasometric determination. The latter possesses 
another advantage in accuracy, particularly when small amounts 
are to be determined, in that the volume of nitrogen gas evolved is 
five times that of the * barium hydroxide solution required to 


‘Van Slyke: Ber. d. deutsch. chem. Gesellsch., xliii, p. 3179. 
* Ibid., xliv, p. 1685. 
* Biochem. Zeitschr., vii, p. 44. 
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titrate the same amount of amino nitrogen. ‘To the formol method 

also attaches the theoretical objection, pointed out by its origi- 

| nators, that the results will be raised by the presence of weak organic 

a acids, such as oxybutyric, which require more alkali to neutralize 
them to phenolphthalein than to litmus paper. Whether the 
error from this source is large enough to affect the significance of 
results is still undetermined. 

For the determination of free (unconjugated) amino-acids, on 
the other hand, the formol method has a great advantage over the 
gasometric in that the former is not affected by the presence of 
urea. Urea, which we have been unable to remove without either 
hydrolyzing conjugated amino-acids or removing free ones, reacts 
slowly with nitrous acid, so that a correction has to be introduced 
for it into the gasometric results. Although this correction can be 
determined with a fair degree of accuracy, the proportion of urea 
to amino-acid nitrogen is so great (50 or 100 to 1) that the necessity 
for the correction more than offsets the advantages which the gaso- 
metric method possesses in the absence of urea or the presence of 
relatively small amounts. A possible error of +0.5 per cent of 
the total nitrogen of the urine must be allowed for. As the free 
amino-acid nitrogen normally constitutes only about 1 per cent 
of the total nitrogen of the human urine, it is evident that the gaso- 
metric method is here of value only for determining an abnormally 
high content of amino-acids. For the detection of a significant 
increase it is adequate. It also possesses the advantage, over the 
formol method, that it cannot be affected by the occurrence of 
abnormally large amounts of organic acids in the urine. For this 
reason we have described a form of the gasometric method which 
we have found practicable, although it is not ordinarily so accurate 
as the formol method for free amino-acid nitrogen, especially in 

; the form in which the latter has been recently developed by Bene- 
dict and Murlin. 
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DETERMINATION OF TOTAL (FREE AND CONJUGATED) AMINO-ACID 
NITROGEN IN THE URINE. 







In this estimation hippuric acid, peptides, albumin, etc., are 
hydrolyzed, while urea is decomposed into ammonia and carbon 






4 Proceedings of the Soc. of Exp. Biol. and Med., ix, May, 1912. 
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dioxide by heating with dilute sulphuric acid under pressure. 
The ammonia is then boiled off, removing both the preformed 
ammonia and that from the decomposed urea, and the amino nitro- 
gen is determined in the residual solution. One can obtain very 
accurate results with this method. 

To 75 cc. of urine in a large test tube one adds 2.5 cc. of concen- 
trated sulphuric acid. The urine is then heated in an autoclave 
-at 175° for an hour and a half.5 It is then transferred to a 300 
ec. Jena Erlenmeyer, 5 to 6 grams of powdered calcium hydrate 
are added, with a piece of paraffin to prevent foaming, and the 
mixture is boiled until the vapors no longer turn red litmus blue. 
If necessary, water is added to keep the solution from going dry 
before this point is reached. Usually all the ammonia is driven 
off within about an hour, but sometimes a urine is encountered 
which requires twice as long. 

The hydrolyzed urine is filtered through a folded filter into an 
evaporating dish, the precipitate, consisting of calcium sulphate, 
hydrate, etc., being washed ten times with hot water. The filtrate 
is concentrated on the steam bath to a volume of a few cc. and 
filtered from the small amount of calcium salt, which has settled 
out, into a 25 cc. measuring flask. One can then perform dupli- 
cate amino determinations in the usual way® on 10 cc. portions. 
The total amino nitrogen in normal urines appears to be quite 
constant at 1.5 to 2.5 per cent of the total nitrogen. More than 
3 per cent we have encountered only in pathological cases, in which 
the high results are usually due to albumin. 

About a full working day is required by the above method to pre- 
pare the urines for the final determination; but during a large part 
of the time (heating in autoclave, concentrating on water bath) 
but little attention is required. As many urines can be prepared 
at the same time as the autoclave will hold tubes, the ammonia 
from all being boiled off at the same time on a hot plate. 

The following results indicate the accuracy of the method. Two 


5’ The quantitative decomposition of urea under these conditions was 
demonstrated by Benedict and Gephart (Journ. Amer. Chem. Soc., 1909) 
and confirmed by Levene and Meyer (ibid). The new method of Benedict 
(decomposition of the urea in a KHSQ, melt) is not applicable here. 

6 Van Slyke: this Journal, ix, p. 185; cf., also, preceding article on improve- 
ments in the method. 
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75 ce. portions of normal urine were analyzed as described, 0.1835 
gram of Kahlbaum’s alanine having been added to one portion, 
the other serving as control. The solutions, at the end of the analy- 
sis, were brought to 25 cc. and the amino nitrogen determined, as 
usual, in 10 ce. portions. 





| 
MPER- 
N TEMPER 


ALANINE N | ALANINE N 
| 
poate NHN | 


| PSaasCes FOUND PRESENT 


ah mgm. mgm. mgm. 
ee ee | 768 | 5.00 
ee 0. 758 | 5.09 


Urine—Alanine I... 29.4 | 757 | «16.67 11.58 11.55 
Urine—Alanine II.. 29.1 | 756 | 16.56 11.47 11.55 





The fact that the autoclave treatment effects a practically com- 
plete cleavage of hippuric acid is shown by the following. One 
gram of sodium hippurate was dissolved in 75 cc. of water with 
2.5 ec. of concentrated sulphuric acid and heated one and a half 
hours in the autoclave. The solution was then diluted to 100 ce. 
and determinations of the total nitrogen present made upon 20 ce. 
portions, those of the amino nitrogen upon 10 cc. portions. 


TOTAL NITROGEN | AMINO NITROGEN 


| 


Found Calculated Found | Calculated 





0.0693 0.0696 | 0.0685 


0.0696 





The complete hydrolysis of a soluble protein effected by the auto- 
clave treatment is shown by the following results. One gram of 
air-dried proto-albumose was dissolved in 75 cc. of water, the 
remainder of the treatment being that described above in the hip- 
puric acid experiment. The total nitrogen found was 0.1484 
gram; the amino nitrogen was 0.1025 gram, or 69.1 per cent of the 
total. In proto-albumose, completely hydrolyzed with boiling 
hydrochloric acid, 69.13 per cent of nitrogen in amino form was 
found.? While all proteins may not be hydrolyzed with the same 
degree of absolute completeness, it may be stated with confidence 
that the amount of unhydrolyzed albumin left in a urine after the 
autoclave treatment for destruction of urea will be minimal. 


7 Levene, Van Slyke and Birchard: this Journal, x, p. 68, 1911. 
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DETERMINATION OF FREE AMINO-ACID NITROGEN. 










The amino-acids, when treated with nitrous acid under the con- 
ditions used for amino nitrogen determination,® give off in two to 
five minutes 100 per cent of their nitrogen. Urea under the same 
conditions requires about eight hours to react completely. In 
two to five minutes it gives off only 34 per cent of its nitrogen, and 
the reaction continues for a considerable time without appreciable 
change in the volume of nitrogen evolved per minute. This rate 
is also unaffected by the presence of reacting amino-acids. By 
taking advantage of the slow and regular rate at which urea reacts, 
one can determine in its presence the nitrogen of the almost instan- 
taneously reacting amino-acids, making a correction for the small 
percentage of urea which reacts within the short time required 
for the determination. 

The ammonia must first be removed, and the determinations of 
NH;- and NH;-nitrogen can be conveniently combined. We found 
distillation with calcium hydrate under diminished pressure the 
most satisfactory means for removing and determining the am- 
monia. The apparatus and technique used are the same as de- 
scribed for the determination of amid nitrogen in proteins.°® 

. Fifty or 100 cc. of urine, with an equal volume of 95 per cent alco- 
hol and enough of a 10 per cent calcium hydrate suspension to give 
a strongly alkaline reaction, are placed in a double-necked distill- 
ing flask of 500 cc. or 1 liter capacity, and distilled as described, 
until all the alcohol has been driven off. This point is reached in 
twenty to thirty minutes and is indicated by vigorous foaming of 
the solution. It is essential that the removal of the ethyl alcohol 
be practically complete; as when mixed with nitrous acid it gives 
off vapors or gases which are only with difficulty absorbed by the 
permanganate solution. 

The distillation being finished, the calcium hydrate and salts 
are dissolved by the addition of 2-3 cc. of glacial acetic acid. The 
urine is now transferred to a measuring flask and made up to its 
original volume of 50 or 100 cc. Of this, 10 cc. portions are used 
for the amino determination. It is of no advantage, except in 
































®* Van Slyke: Quantitative Determination of Aliphatic Amino Groups, 
this Journal, ix, p. 185; xii, p. 275. 
® Van Slyke: this Journal, x, p. 21. 
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unusually dilute urines, to concentrate the urine so that relatively 
more can be used for the determination. The limit of accuracy 
of the determination depends upon that of the urea correction, and 
the absolute error of this is increased in proportion to the concen- 
tration of the urea, so that there is little or nothing to gain in per- 
centage accuracy by increasing the volume of gas to be measured. 

The amino determination and the correction for the urea are now 
made as follows. One amino determination is performed, the dura- 
tion of the reaction being the shortest time in which, at the preva- 
lent temperature, amino-acids will react completely. Immediately 
thereafter the determination is repeated under the same precise 
conditions, except that the reaction is continued for exactly twice 
as long. The increase in volume obtained, by doubling the re- 
action time, represents the amount of nitrogen evolved from the 
urea during half the time of the second determination, or, the entire 
duration of the first. It is, therefore, the correction which must 
be subtracted from the first result in order to leave only the 
nitrogen obtained from amino-acids. Amino-purines and amino- 
pyrimidines react slowly, like urea, and consequently if present 
will not be determined with the amino-acids. 

In the preliminary description of the method, when the original 
hand-manipulated apparatus was employed, six and twelve minutes 
were the durations used for the two determinations. The more 
efficient action of a rapidly shaken motor-driven apparatus en- 
ables one to cut the time down to the following: for temperatures of 
15 to 20°, four and eight minutes; for 20 to 25°, three and six min- 
utes; for over 25°, two and four minutes. During the shorter of 
the two determinations the reacting solution is shaken constantly 
and rapidly. During the longer determination it may either be 
shaken constantly, or, during the first half minute (to mix the solu- 
tions) and the last two minutes (to drive out all the nitrogen 
formed). It is particularly essential that the shaking should be 
rapid during the last minute, in each case, so that the nitrogen 
formed up to the end of the interval may be at once driven out. 

The volumes of acetic acid and nitrite solution used and the 
volume of nitrous acid solution in the deaminizing vessel when the 
urine is run in, must here be avcurately the same in each pair of 
determinations, and not roughly measured, as may be the case 
in ordinary amino analyses. Exact measurement of the reaction 
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time is also essential and is easy to attain with a stop watch. In 
order to make the starting points for the time measurement as 
sharp as possible, we run the urine into the deaminizing vessel 
rapidly until only a few tenths of a cubic centimeter remain to be 
added. The watch is then started, while the remaining small 
portion of the solution is added more cautiously. 

The approximate constancy of the reaction rate of urea during 
at least the first eight minutes, at a given temperature, is illus- ° 
trated by the following figures. The solution used contained 2 
per cent of urea, about as much as an average human urine. 





DURATION OF 
REACTION 


TEMPERATURE N N PER MINUTE 





minutes degrees C. 


| 

ce. 

9.8 
19.5 
13.2 

26.2 j 

19 | 5.8 

19 | 6.0 | 


19 | 12.0 | 
19 | 11.6 | 


| 
y | 


Omnwwd kt > Ww 
m8 89 ms G9 69 09 00 
SSSERSRN' 








The following determinations indicate that approximate results 
for amino-acid nitrogen can be obtained in the presence of a great 
excess of urea, making the correction for urea in the manner de- 
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scribed above. The solution used contained 2 grams of urea and 
0.5 gram of alanine per 100 cc. The proportion of urea nitrogen 
to amino-acid nitrogen was 12:1. Three pairs of determinations 
were performed on each of twordifferent days, on which there were 
5° difference in the room temperatures. The solution was kept at 
0° during the interval in order to prevent the rapid deaminization 
which bacteria can accomplish. 

As a further control, 200 ce. of normal human urine, containing 
0.574 gram of nitrogen per 100 cc., were freed from ammonia as 
previously described (ammonia nitrogen = 0.021 gram per 100cc.). 
Determination of the free amino nitrogen in this urine showed that 
the amount present was too small to detect. ‘Two-minute deter- 
minations at 29° gave 4.0, 4.0, 4.3 ec. of N; four-minute determina- 
tions gave 8.1, 8.4, 8.4 ec. One-half gram of alanine was dissolved 
in 100 ce. of the urine, which was then freed from ammonia, 
brought back to 100 cc., and used for the following determinations. 
The temperature was 19°, pressure, 760 mm. 


DURATION OF N FROM CALCULATED FOR | 
REACTION AMINO-ACIDS ALANINE PRESENT 





minutes ‘ ce. ce. 


eonwon 


CO bh 
awn orf © 
Ne ae Neg rel Nite gee? 


1 
2 
1 
2 
1 
2 
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ANALYSES OF HUMAN NORMAL AND PATHOLOGICAL URINES. 


The analyses tabulated were carried out as described above 
except that most of the determinations of free amino-acid nitrogen 
were performed by the earlier modification!® used before the im- 
proved apparatus for determining amino nitrogen" was available. 
When the results for total amino-acid nitrogen were checked with 
Sérensen’s formol method, 10 cc. of the 25 cc. of final solution were 
used for the gasometric determination and an equal portion for 


10 Ber. d. deutsch. chem. Gesellsch., xliv, p. 1685, 1911. 
1 This Journal, xii, p. 275. 
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the formol titration. The formol results, though in some cases 
not appreciably different from the gasometric, were as a rule mark- 
edly higher, the maximum difference being equal to 1 per cent of 
the total nitrogen of the urine. 

The higher results for the formol method may be due to the 
presence of organic acids, which are prejudicial to its accuracy. It 
appears doubtful that, as a rule, this source of error is sufficient 
to cause a clinically or scientifically significant deviation in the 
formol results, although a positive statement can not be made until 
the formol and gasometric methods have been used together on a 
larger and more varied collection of urines. 

The total (free + conjugated) amino-acid nitrogen bears a 
fairly constant relation to the total nitrogen. All the normal and 
most of the pathological urines contain not less than 1.1 nor more 
than 2.8 per cent of their nitrogen in this form. The only cases 
in which 3 per tent was exceeded were those of nephritis and the 
arthritic cases, which also usually have albumen in the urine. 
The probability that all the abnormal amino nitrogen obtained 
was freed by cleavage in autoclave is shown by the later cases, in 
which the free amino nitrogen was also determined. ‘This is not 
high even when the total amino nitrogen of a nephritic reaches 24 
per cent. Aside from nephritic cases, one cancer case gave a very 
high figure, 6.07 per cent. Unfortunately we had no determina- 
tion of the free amino nitrogen in this case. Two cases of liver 
cirrhosis gave entirely normal values. 

The free amino nitrogen never exceeded 1.5 per cent in the limited 
number of cases in which it was determined. 


FREE NH: 


ToTaL NH: EH. | 
TOTAL N PER 100 ae eile PER 100 
NO. CASE PER 100 cc.' Grams N | GRAMs N 


GRAMS N 
(Formol) 


Se Ss 8, wey Bin b oe eee 0.300 2.50 | 

i ree: fs is Sees sd . 0.808 1.95 2.45 

SO Se 31971 eas. esc de.) 0.925 | 1.80 2.76 
nS aig 0.780 1.86 | 2.45 
RS RR Te aaa Sar 1.336 2.02 2.42 

eek Ss chs «Kc er 0.941 1.77 0.3 
it sith i ia 1.043 1.14 
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CASE 


Normal... 
Normal.... 
Normal.... 
Normal.... 
Normal.... 
Normal... . 
Cancer of antrum RE Mee pile 
Carcinoma of breast...... 
Carcinoma of larynx......... 
Carcinoma of larynx.......... 
Arthritis....... 
Arthritis....... 
Arthritis..... 
Arthritis... .. 
Arthritis..... 
I i 658 55 25h OS 
Arthritis..... 
TEE IS 
Multiple sclerosis............ 
Multiple sclerosis............. 
Multiple sclerosis............. 
Paralysis agitams............. 
Anterior poliomyelitis........ 
Syphilis. . i Se 
Hy pophysis dinease. shank Kd 
Progressive musc. dystrophy 
Progressive musc. dystrophy 


| Progressive musc. dystrophy 


Progressive musc. dystrophy 
Progressive musc. dystrophy 
Progressive musc. dystrophy 
Progressive musc. dystrophy. 
Progressive musc. dystrophy 
Progressive musc. dystrophy 
Liver cirrhosis............... 
Liver cirrhosis............... 
IIS 3 5% oo, eS irs Poke: 
Nephritis. .. 
Nephritis..... 
Nephritis.... 


RNIN <5 +o v's p's puea deo ee 
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TOTAL NH: | 
TOTAL N PER 100 
PER 100 cc.| Grams N 

URINE ( 

metric) 
0.623 2.81 
0.491 2.12 
1.470 1.28 
0.613 2.70 
0.624 | 2.41 
1.067 | 1.28 
0.347 2.10 
0.702 6.07 
1.485 2.29 
1.382 2.38 
0.585 2.39 
0.580 5.56 
0.363 3.25 
1.201 3.60 
1.112 2.26 
0.901 2.17 
0.454 1.90 
0.568 3.87 
0.655 1.65 
0.396 2.51 
0.943 1.32 
1.813 1.54 
1.283 1.34 
0.745 2.92 
0.364 1.55 
0.728 1.92 
1.654 1.82 
0.959 2.33 
1.470 1.83 
1.267 2.03 
0.415 1.82 
1.923 1.37 
1.210 1.61 
0.434 1.21 
0.889 1.92 
0.455 1.68 
0.781 2.00 
0.654 24.30 
1.497 7.53 
0.364 1.55 
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iccancnnind of dog urines. 








“| onus RAEN |roas ns |Pm NE 
ba 100 cc.| Grams N | * | Grams N 





URINE (Gaso- | SRAMSN | ‘(Gaso- 
metric) (Formol) 7 





Kein Kies ‘ili diluted)........' 0.625 1.67 | 1.79 | 


= 







Normal dog (urine diluted)........ | 1.294 1.05 | 0.92 
Dog fed glycine anhydride (urine| 






SR gccncsabacchiewdey tee kss / 0.168 39.80 | 39.20 


*Dog poisoned 10 days with chloro- 
Pe nbd Hebb cubehe cae bleed 711 






1.78 














.523 1.92 





*Dog poisoned with chloroform and 















phosphorus (urine diluted)...... — 0.893 1.59 | 
Normal dog fed 2 grams dl-phenyl- 
alanine (urine diluted)............ 0.226 8.50 
Normal dog fed dl-aspartic acid 
(urine diluted).. ae 0.125 - 2.38 | 
Gastrectomized dee, ‘normal diet 
i 0.188 | 1.91 | 
Gastrectomized dog, normal diet ' 
SE Oe ere 0.406 1.90 | 
Gastrectomized dog, normal diet 
(urine diluted).................. 0.219 2.78 
Gastrectomized dog, normal diet 
(urine diluted).. ee - 0.415 2.02 | 





Dog which had received 12 grams of 
dl-alanine intravenously 20 min- 
utes before catheterizing........ 








*Urine furnished by Dr. Dochez. 






It was a cause for surprise that the dogs poisoned with chloro- 
form and with chloroform and phosphorus, gave urines containing 
only the normal small percentage of amino nitrogen, although the 
livers of these animals were degenerated to an extreme degree. 
These results indicate that even rapid degeneration of the liver 
may not result in excretion of amino-acids. The two cases of 
human liver cirrhosis also showed only normal amino nitrogen in 
the urine. 

The non-utilizability of glycine-anhydride in the organism is 
strikingly shown by the tremendous excretion of conjugated amino- 
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acid nitrogen following itsadministration. Thepermeability of the 
kidney for amino-acids, when injected directly into the blood, is 
shown by the last result. It does not indicate that the organism 
fails to utilize amino-acids even thus injected, however, for only 1.5 
grams of the 12 grams of alanine injected were excreted unchanged. 
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ON THE OCCURRENCE OF METHYL GUANIDINE IN THE 
URINE OF PARATHYROIDECTOMIZED ANIMALS. 


By W. F. KOCH. 
(From the Laboratory of Physiological Chemistry, University of Michigan.) 


(Received for publication, July 2, 1912.) 


The experiment described in this paper was designed to deter- 
mine whether guanidine could be detected in the urine of animals 
subjected to thyro-parathyroidectomy. 

On May 8, the thyroid and parathyroid glands were removed 
from a dog weighing 18.5 kgms. On May 10, at 1la.m., fibrillary 
twitchings were noted in his body muscles. The symptoms in- 
creased in violence until at 9.15 p.m. he died in severe tetany. 
During this period he excreted 2250 cc. of urine, which was exam- 
ined as follows: 

The kynurenic acid was removed with hydrochloric acid. The 
protein-like substances were precipitated from the acid filtrate 
with 20 per cent tannin solution. The tannin excess was removed 
with Larium hydroxide, the barium excess with sulphuric acid 
and the excess of the latter with lead oxide. The resulting filtrate 
was then treated with a hot saturated solution of sodium acetate 
and mercuric chloride until no more precipitate formed, according 
to the method of Engeland.! The precipitate was then filtered off, 
washed with a cold saturated solution of mercuric chloride and 
sodium acetate, treated with hot dilute hydrochloric acid and the 
soluble portion filtered from the insoluble. -The filtrate was then 
decomposed with hydrogen sulphide and filtered. The resulting 
filtrate was evaporated to a thick syrup and extracted with methyl 
aleohol. The extract was then filtered from inorganic salts. The 
methyl aleohol was evaporated from the filtrate, the residue 
extracted with ethyl alcohol, filtered from insoluble residue and 


1 Zeitschr. f. physiol. Chem., \vii, p. 49. 
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again extracted with alcohol. This process was repeated until no 
more creatinine and ammonium salts were dissolved. The result- 
ing alcoholic solution was treated with 20 per cent platinic chloride 
until no more precipitate occurred. The precipitate was then 
filtered off. 

The filtrate was decomposed with hydrogen sulphide, the plati- 
num sulphide removed, the filtrate evaporated to a thick syrup 
and treated with a 30 per cent solution of gold chloride. 

The platinic precipitate was suspended in water, decomposed 
with hydrogen sulphide and the platinum sulphide filtered off. 
To the resulting liquid a 30 per cent solution of gold chloride was 
added. 

From the gold solution from the platinic filtrate, after standing 
in the desiccator for several days, a rich crop of beautiful needles 
formed and were filtered off. In the course of another day a 
second precipitate of needles and cubes occurred. These were 
separated mechanically as far as possible and fractionally crystal- 
lized. From the mother liquid, on further standing, another 
precipitate, apparently only of. cubes and plates, formed. Both 
fractions of needles on recrystallization showed the same melting 
point, namely, 198°C. (uncorrected). They possessed also similar 
solubilities in water and ether and were therefore combined. 

From the gold solution of the platinum precipitate a crop of 
needles crystallized. These were filtered off. In the course of 
twenty-four hours another precipitate of both needles and rhom- 
boid plates was obtained. The needles and plates were frac- 
tionally crystallized and both yields of needles, which possessed 
‘the same melting point (198°C.), were united. 

Owing to the similarity in the melting points and the solubilities 
of the needles of both the platinic filtrate and precipitate, they were 
united and weighed, the total yield being 4.3 grams. They were 
recrystallized from hot dilute hydrochloric acid and a portion dried 
in the air and later at 90° for melting point and gold content deter- 
minations. At 198° they melted to a red brown liquid. 


ANALYsIs: (a) 0.084 gram substance gave 0.0402 gram Au. 
(b) 0.1635 gram substance gave 0.078 gram Au. 


Caleulated for Found: 
C2H7N3.HCLAuCl: (a) 
47 .86 
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Complete analyses have not been made but the melting point 
and gold percentage identify the substance as methyl guanidine 
aurochloride. 

From the remaining gold solution of the platinic precipitate 
after standing several days in the desiccator and after cooling at 
a temperature of 30° for twelve hours a yield of about 2 grams of 
crystals was obtained. These were found to melt in a peculiar 
manner after recrystallization and drying. At about 180° they 
gradually became cloudy and between 207° and 208.5° melted to 
a brown oil. Finally about a gram of prisms melting at 310°C. 
were obtained. They will be further studied. 

Methyl guanidine was first isolated from normal human urine 
by Kutscher and Lohman.? From 100 liters they obtained about 
4 grams as the aurochloride. Later Engeland* isolated 2.1 grams 
of the gold salt from 28 liters of normal urine. From 11 liters of 
normal dogs’ urine Achelis‘ isolated 0.122 gram as the picrolonate, 
corresponding to about 0.04 gram of the free base per liter of urine. 
These results correspond to about 0.07 gram of the gold salt per 
liter of normal urines, both of man and dog. In the case noted 
above the yield was considerably in excess, namely, 1.9 grams as 


the gold salt per liter. The greater part was probably excreted 


on the day of the animal’s death since no symptoms were noticeable 
until ten hours before death. During the last five hours he passed 
only a few cubic centimeters of urine. On microscopic examina- 
tion of the kidney, the cortex was found to be very hyperemic and 
hemorrhagic. Many of the glomeruli had become blood islands, 
with complete loss of Bowman’s capsule. It is not surprising 
that under these conditions little urine was passed during the hours 
just preceding death, a probable indication that, since the kidney 
function had been inhibited, whatever methyl guanidine might 
have been formed must have accumulated in the blood. 

Further investigation is being carried on concerning the extent 
to which methyl guanidine is responsible for the symptoms and 
death of the parathyroidectomized animals and concerning the 
nature of the other bases which our work has shown to be present. 

I take pleaswre in expressing my gratitude to Dr. Vaughan, Dr. 
Huber and Dr. Novy for their kind interest and many helpful 
favors rendered during the course of the work. 

* Zeitschr. f. physiol. Chem., xlix, p. 81. 


3 Ibid., lvii, p. 49. 
* Ibid., 1, p. 10. 
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ANIMAL CALORIMETRY. 
FIRST PAPER. . 

A SMALL RESPIRATION CALORIMETER. 
Puates II-IV. 


By H. B. WILLIAMS. 


(From the Physiological Laboratory, Cornell University Medical College, New 
York.) 


(Received for publication, July 17, 1912.) 





It is the purpose of this paper to describe briefly an apparatus 
for studying the energy metabolism and gaseous exehanges in 
infants and small animals, and to give an account of the control 
experiments which have been made with the apparatus in order to 
determine the magnitude of the errors to which the various meas- 
urements are liable. 

The apparatus is a constant-temperature, water-cooled calori- 
meter. 

The removal of the heat is brought about by a constantly flowing 
stream of water. Considered as a respiration apparatus, it is of 
the closed circuit type of Regnault and Reiset.! In its general 
plan it is based on the type of apparatus developed by Atwater 
and Rosa? and embodies many of the structural features which 
have been introduced by Benedict. A complete and detailed 
description of the apparatus would expand the paper beyond the 
scope of a journal article. The plans of the larger calorimeters at 
Middletown and at Boston have been described in great detail in 














‘ 

' Regnault and Reiset: Ann. d. Chem. u. Pharm., \xxiii, pp. 92, 129, 
257, 1850. 

2 Atwater and Rosa: Description of a New Respiration Calorimeter, U.S. 
Department of Agriculture Bull. 63, 1899. 

Atwater and Benedict: A Respiration Calorimeter, with Appliances 
for Direct Determination of Oxygen, Carnegie Institution of Washington 
Publication 42, 1905. 
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various bulletins of the Department of Agriculture and of the 
Carnegie Institution of Washington.‘ It seems, therefore, that a 
description of the apparatus in general terms, with the assistance 
of photographs, will make clear our experimental procedure to any- 
one who is at all familiar with the publications above referred to. 
From these publications also may be obtained a full account of 
the methods of calculating the results. Certain special features 
of the small calorimeter will be described in greater detail. 

As in the larger instruments of Atwater, Rosa and Benedict, 
the respiration chamber consists of a rectangular copper box. 
The inside dimensions are approximately 66 cm. wide, 76 cm. 
high and 96 cm. long. The capacity of the chamber is approxi- 
mately 480 liters. 

In the front of the chamber is a window for the entrance of the 
subject. This window is closed with two glass plates and hermet- 
ically sealed with wax during the experiments. The copper 
chamber is supported within a framework of structural iron, which 
gives it great rigidity. 

The actual metallic connection between the copper box and the 
iron frame has, however, been limited to a relatively small number 
of points so as to diminish the tendency for heat to pass to and fro 
between them in case of a difference in temperature. Surrounding 
the iron framework is a second wall of zinc. Seventy-two wooden 
spools, each carrying four thermo-couples, pass between the copper 
and zinc walls and are used after the method of Rosa to indicate 
differences in temperature between the walls of the inner and outer 
chambers. The passage of heat through these walls in either 
direction is avoided by altering from time to time the temperature 
of the zinc, and with it that of the iron work with which it is directly 
connected, so that no sensible difference in temperature shall pre- 
vail between them and the copper wall of the chamber. Under 
these circumstances the gradient is nearly zero and there will be 
but little tendency for heat-energy to pass in either direction. 

For that reason the wall is said to be adiabatic. The thermo- 
couple system serves to indicate to the operator when to change 


4 Atwater and Rosa: loc. cit.; Atwater and Benedict: loc. cit.; Benedict 
and Carpenter: Respiration Calorimeters for Studying the Respiratory 
Exchange and Energy Transformation of Man, Carnegie Institute of Washing- 
ton Publication 123, 1910. 
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the temperature of the zine wall and how nearly alike the zinc and 
copper are at any moment. To permit this control to be exercised 
the parts just described are enclosed within a third wall composed 
of a sheathing of asbestos and cement, lined with a layer of cork 
several centimeters thick. 

Between the inner surface of the cork and the zine wall an air 
space of about 6 centimeters is left. Within this air space runs a 
system of copper tubes through which cold water is allowed to 
circulate during the entire experimental time. This water is so 
cold that it can maintain the zinc wall and the iron frame always 
cooler than the lowest temperature which it is proposed to allow 
the copper chamber to assume. Parallel to the copper tubing 
runs a system of manganin resistance wires, insulated with enamel 
and supported on porcelain knobs. By passing an electrical cur- 
rent through these wires the effect of the cold water in the tubes 
can be wholly or partially neutralized. The extent of the heating 
effect can be accurately controlled by the operator by the manip- 
ulation of a ballast resistance in series with the wire. As in the 
later apparatus of Benedict, the air space between the outer and 
middle walls has been divided up into compartments, each with 
its own separate system of water pipes and heating wires. The 
thermo-couple system can be made to indicate the condition of 
the walls of the top, sides and bottom, separately, or of the entire 
wall. 

In this instrument the adiabatic control has proven adequate, 
but the presence of so large an amount of structural iron between 
the walls, while giving great rigidity, makes necessary great care 
in manipulation to avoid errors, and in the construction of such 
apparatus it’ would probably be better to use less iron, or even 
preferably none at all, and to construct the framework of materials 
which have less heat capacity and less conductivity. The extent 
to which the adiabatic control is able to prevent gain or loss of heat 
in spite of the presence of so much structural iron in the frame will 
be made evident in the discussion of the control experiments. 

To maintain the temperature of the inner chamber at a constant 
level with a source of heat inside it, the heat must be removed as 
fast as it is eliminated by the source and no faster. This is accom- 
plished by permitting water to flow at a constant rate through a 
system of piping within the copper chamber. The temperature 
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of this water is so regulated as to secure the removal of heat at 
the rate at which it is given off by the subject of the experiment. 
The total amount of water which flows during an experimental 
period is collected and weighed. The temperature of the water 
is measured at the point where it enters the inner chamber and at 
the point where it leaves by means of two specially calibrated 
mercurial thermometers which are read every four minutes.® 
These thermometers can be read to 0.01°C. The average differ- 
ence in temperature multiplied by the weight in kilograms of the 
water used during an experimental period is a measure of the heat 
removed in this manner® in large calories at the mean temperature 
of the flowing water. 

As the standard calorie for work of this nature, Atwater and 
Rosa adopted the amount of heat required to warm one kilogram 
of water from 19.5°C. to 20.5°C. This amount of heat is different 
from that required to warm a kilogram 1°C. at 0° or at 15° on 
account of the fact that the specific heat of water varies with change 
of temperature. 

In the neighborhood of 20° this variation is slower than at tem- 
peratures somewhat higher or lower. Incase the mean temperature 
of the flowing water differs much from 20° it would be necessary 
in accurate work to make a correction for the variation of the 
calorie, but in all of our experiments as well as in the controls the 
mean temperature has been very little different from 20° and such 
a correction is superfluous. 

Despite the effort to maintain a perfect balance between the 
rate of heat elimination and the rate of its removal from the 
calorimeter, there will in general be slight changes in temperature 
of the copper wall. To measure these changes a system of elec- 
trical resistance thermometers enclosed in small copper boxes 
has been soldered to the outside of the copper chamber between it 
and the zine wall. These are six in number and being widely 
distributed over the surface they integrate the temperature of the 


5 The water thermometers were calibrated by comparison with standard 
Richter thermometers. The standards can be read with a glass to 0.001° 
and were certified by the Physikalische technische Reichsanstalt to be 
‘‘ohne wesentliche Fehler’’ in 1910. 

6 Part of the heat may be removed in the ventilating air current as latent 
heat of vaporization of water. See below. 
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wall. Since, in raising or lowering the temperature of the zinc 
wall to maintain it at the same temperature as that of the copper 
wall, the zine and iron frame work may receive (or give up) heat 
from either the copper wall or the outer air space, the hydrothermal 
equivalent of the apparatus cannot be determined by calculation, 
but must be found experimentally. The method of determining 
this factor has been described by Atwater and Benedict’ and by 
Benedict and Carpenter.® 

The determination of the amounts of carbon dioxide and water 
vapor eliminated by the subject and the quantity of oxygen ab- 
sorbed is accomplished in much the same manner as in the larger 
instruments by maintaining with a rotary pump a continuous flow 
of air into and out of the apparatus. As the air is removed it 
passes successively through a sulphuric acid wash bottle to remove 
the moisture, then over moist granular soda-lime to remove carbon 
dioxide and finally through another sulphuric acid wash bottle 
to remove moisture which the air current may have taken up from 
the moist soda-lime. 

The air thus purified is returned to the chamber. It is evident 
that on account of absorption of oxygen by a subject (animal or 
alcohol lamp), the volume of gas within the apparatus, provided 
no change in temperature or pressure occurred, would become 
continually less and that it would contain a constantly diminishing 
percentage of oxygen. Following the method employed in the 
calorimeters at Boston we have provided that the pressure within 
the apparatus shall always be the same as that of th? external 
atmosphere, by connecting the interior of the box with a large 
tambour, covered with a soft rubber cap. To this is attached a 
pointer which serves as a volume indicator as well as for the purpose 
of automatically admitting oxygen from a cylinder by closing an 
electrical contact whenever the volume of the rubber bag dimin- 
ishes below a predetermined point. By this means the apparent 
volume of the apparatus is maintained nearly constant throughout 
the experiments. The current of air as it leaves the apparatus is 
made to pass over one end of a system of thermo-couples and the 
entering air over the other end. The entering air is then cooled or 
heated as may be necessary to keep its temperature always the 


7 Loc. cit., p. 152. 
§ Loc. cit., p. 52. 
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same as that of the leaving air and so prevent gain or loss of heat. 
Within the chamber is a system of electrical resistance thermo- 
meters for determining the average temperature of the air. 

From the above general description it can be seen that the appara- 
tus is very similar in principle and construction to the larger 
instruments of its type, but in the carrying out of the details a 
number of modifications were found necessary or desirable. We 
may consider first the changes which have been made in the part 
of the apparatus which has to do with the gas analysis. 

It was appreciated at the outset that the large porcelain absorb- 
ers used by Benedict for removal of water from the air current 
were so heavy that it would be quite impossible to weigh them with 
sufficient accuracy to determine the small quantities of water it 
was proposed to measure. After considering various expedients, 
the form of glass wash bottle shown in figure 1 was designed. 
The air current enters through a central tube which opens below 
within a rosette-like expansion. The lower edge of this tube is 
about 3 mm. from the bottom of the rosette. The bottom of 
the rosette is about 4 or 5 mm. from the bottom of the bottle and 
is pierced near the edge by a series of holes B arranged in a 
circular row. On the upper aspect of the rosette is a second series 
of holes arranged in a circular row marked A in the figure. 

The air current on striking the bottom of the rosette is partly 
broken up and deflected upward through the acid within the ro- 
sette. It escapes*through the series of holes A which have the effect 
of breaking up the larger bubbles into much finer ones. No air 
escapes through the holes B in the bottom of the rosette, but as the 
air current continually forces acid with it through the holes A a 
stream of acid constantly enters the rosette through the holes B. 
The air leaves the bottle through a tube at the top with a bulbous 
expansion containing an inner bulb marked C. This inner bulb 
is pierced along its horizontal diameter by a ring of holes. The 
bulb C acts as a baffle to prevent spattering of the acid into the 
tube leading from the bottle. 

The series of holes A and the holes in C are of such a diameter 
that their total area is equal to or slightly in excess of the area of 
the section of the large inflow and outflow tubes. The latter 
have an internal diameter of about 15 mm. 

The height of the bottles inside is about 150 mm. and the diam- 
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eter 95mm. When filled for use they contain 750 cc. of sulphuric 
acid and weigh about 1500 grams. They can be weighed to 0.01 
gram on the balance ordinarily used and, if desired, by using one 
of the large balances of Sartorius the weighing error could be re- 
duced still more. The mixture between the air and acid in these 
wash bottles is extremely intimate and_their ability to remove 
from the air current large quantities of water rapidly and thoroughly 
has more than fulfilled our expectations. With the air current 
flowing at the rate of 30 liters per minute a single bottle filled 
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with fresh acid has absorbed as much as 25 grams of water per hour 
without permitting a weighable amount to pass it, as was shown by 
the failure of a second bottle in series with it to gain in weight. 
Under ordinary working conditions the amount of water seldom 
exceeds 10 grams per hour and the acid is systematically renewed 
before it has become sufficiently spent to endanger loss of water. 
In addition to the efficiency tests made in this laboratory, Dr. 
Francis G. Benedict of the Nutrition Laboratory at Boston has 
kindly examined and+tested one of these bottles and has been able 
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to confirm their efficiency in absorbing rapidly the amounts of 
water for which they were designed. These bottles are now 
extensively used in the small Benedict respiration apparatus.°® 

The size of the soda-lime cans was also diminished in order to 
secure greater accuracy in weighing,!° and for the oxygen a small 
steel cylinder, weighing about 5.5 kgms. has been used. 

The oxygen and soda-lime can be weighed to 0.01 gram. The 
small oxygen cylinder filled at a pressure of 75 atmospheres will 
suffice for six to eight hours of experimenting on a dog weighing 
16 kilos. 

As in the larger calorimeters the admission of the oxygen has 
been made automatic by permitting the rubber tension equalizer 
to operate an electrical contact which would actuate an electro- 
magnet. The admission has been made more sensitive by attach- 
ing the contact to the long pointer which magnifies the movements 
of the rubber bag and as a result very little fluctuation in the appar- 
ent volume of the system occurs. Oxygen is admitted directly into 
the entering air pipe, an arrangement which insures immediate 
diffusion within the chamber. Only at the end of the periods 
when the apparent volume of the system is adjusted to the standard 
point, is oxygen admitted to the rubber bag.. At such times the 
bag is momentarily shut off from the rest of the system and the 
quantity of oxygen admitted is never great. Instead of using 
a Toepler manometer and adjusting the bag to constant tension, 
a scale at the end of a long pointer attached to the bag has been 
used to indicate the volume. To determine whether the indica- 
tions of this pointer were reliable the following experiment was 


made. 


A two-necked bottle was connected on one side with the rubber bag and 


on the other with a burette containing mercury. 
By allowing mercury to flow from the burette into the bottle a volume 
of air equal to that of the mercury will be forced into the bag. The volume 


of mercury used can be read off on the burette. 





° Benedict and Homans: Journ. of Med. Research, xxii (new series) , p. 423. - 
These bottles were blown for us by E. Machlett and Sons, East 23rd Street, 


New York. 
10 Since this paper wes begun the use of metal cans for soda-lime has been 


discontinued and at the suggestion of Dr. Benedict large glass bottles are 
employed instead. 
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It was found that the amount of mercury necessary to displace the volume 
of air required to move the pointer from any particular point on the scale 
to any other specified point was always the same within0.5 cc. Over a wide 
range the deflections of the pointer were strictly proportional to the change | 
in volume. 











The weight of the pointer is counterbalanced so that it produces 

no compression of the bag. The error in adjusting to constant | 
volume by this method is very much within the error of weighing | 
the amount of oxygen used. The pumping action of the rubber 
bag during the periods of one hour between adjustments is quite 
sufficient to insure thorough diffusion of the oxygen thus admitted | 
to the bag throughout the system. 

In the apparatus for measuring heat several changes have been 
made. The air and wall thermometers have been wound with 
pure nickel wire which has a higher rate of resistance change with 
temperature than copper in the proportion of 3 to 2. The air 
thermometers have been given a flat form to economize space. t 

These thermometers were made by the Leeds and Northrup . 
Company of Philadelphia. They were calibrated before instal- : 
lation in an oil bath in terms of the gas thermometer scale and have 
been given the same resistance and the same coefficient of resist- 
ance change per degree so that indentical bridge readings on the 
two sets would mean that the temperature of air and wall were 
the same. This has been found helpful to the operator in control- 
ling the apparatus. 

In calibrating these thermometers the same copper wire was used 
to connect them together which was subsequently used to connect 
them together in the calorimeter so that its coefficient has been 
taken into consideration. The thermometer leads outside the 
calorimeter have been connected in such a manner as to eliminate 
the effect of change in the resistance of the leads with varying 
temperatures. The resistance change in these thermometers and 
in the rectal thermometer used in measuring the change in tem- 
perature of the subject of experiment is read on a Kohlrausch 
rotary bridge." The slide wire of this bridge has been especially 
adjusted so that no departures from uniformity in resistance 
exist that will affect the bridge readings by an amount which, 
translated into terms of temperature, would correspond to an error 
of 0.01°. 


1 F. Kohlrausch: Ann. d. Physik (Wiedemann’s Folge), lvi, p. 177, 1895. 
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For connecting the three thermometers successively to the bridge 
a special precision rotary switch with silver contacts has been used. 
The variations in the contact resistance of this switch are too smal! 
to affect the accuracy of the thermometric measurements to a 
significant extent. The galvanometer used in connection with this 
bridge and also for making readings of the condition of the thermo- 
couple systems is an instrument of the D’Arsonval type, constructed 
by Siemens and Halske. The resistance of the moving system is 
50 ohms and a ballast resistance of 150 ohms built into the instru- 
ment has always been used in series with the system to prevent 
excessive damping and secure rapid readings. A thermo-electric 
effect on the galvanometer is noticeable with change in room tem- 
perature. Readings were so made as to eliminate this. 

A ballast resistance of 100 ohms has been introduced into the 
bridge battery circuit to prevent the possibility of changing the 
resistance of the thermometers by heating from the bridge current. 
The galvanometer is amply sensitive to give deflections for a lack 
of balance corresponding to 0.005° C. with this ballast in the battery 
circuit. No heating effect in the thermometers is perceptible on 
keeping the bridge circuit closed as long as half a minute though 
this is never done in practice. The key is always kept closed suffi- 
ciently long to make sure of the reading and usually the final 
balance is made by rotating the hood of the bridge with the key 
held closed. The smallest graduations on the hood of the bridge 
correspond very nearly to 0.01° and temperatures could easily be 
read to 0.001°, but such readings would not be reliable. All the 
bridge readings are translated into terms of temperature by ref- 
erence to curves. 

To enable the operator to control the temperature of the water 
used to bring away heat from the interior of the chamber, the water 
is allowed to flow at a temperature several degrees cooler than it 
is estimated will be necessary and just before entering the chamber 
it flows over a coil of copper pipe containing an electrical heating 
resistance. By manipulation of a ballast resistance in series with 
this, the operator can adjust the heating effect and so control the 
rate of removal of heat from the box. As originally constructed, 
the heating resistance was fed directly with current from the light- 
ing system of the building, and fluctuations in the voltage of this 
current together with variations in the temperature of the cold 
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water as it flowed to the heater, caused continual fluctuations in the 
temperature of the inflowing water. It was early recognized that 
these fluctuations might lead to errors in the measurement of small 
quantities of heat and an attempt was made to minimize the evil 
by diminishing the capacity of the water coil within the calori- 
meter so that the coil would be emptied two or three times during 
the four-minute intervals between the readings of the water 
thermometers. The coil (fig. 2) consists of two large inflow and 
outflow tubes, A and B, connected by a series of fine copper tubes 
C. In length and width it is nearly equal to the corresponding 
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dimensions of the copper chamber and is suspended from the top 
of the chamber. Just before the water leaves the chamber it 
passes through a small mixer (not shown). 

It was found that even after diminishing the capacity of the 
water coil fluctuations in the temperature of the entering water 
were not paralleled by corresponding fluctuations in temperature 
of the outflowing water. Control experiments on the measure- 
ment of small amounts of heat made at this time indicated that the 
results were not trustworthy. The difficulty was finally overcome 
by feeding the water to the heater at a constant temperature and 
providing for control of the fluctuations in the heating current. 
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The first condition was secured by allowing the water to flow 
through about twelve meters of copper tubing coiled in a tank of 
water provided with a Gouy temperature regulator” similar to 
that employed by Barnes" in his calorimetric work on the specific 
heat of water. This device insures great constancy in the tempera- 
ture of the water as it leaves the long coil of copper tubing, the 
fluctuations being of the order of 0.01°C. either side of the mean. 
After leaving the copper coil of the Gouy regulator tank, the water 
is brought to the heater through a vacuum jacketed glass tube. 
For controlling the fluctuations in the heating current the device 
represented in figure 3 was used. 

It consists of a glass bulb with an inner tube reaching nearly 
to the bottom and dipping beneath the surface of a quantity of 
mercury at the bottom. Above the mercury the bulb is filled with 
chloroform. Surrounding the inner tube and immersed in the 
chloroform, within the bulb, is a coil of manganin resistance wire 
the resistance of which is about one-tenth that of the main heating 
resistance. The ends of this coil are fused to platinum wires 
which lead out through horns of lead glass at the top. 

The stopcock at the bottom is for convenience in filling and has 
no other function. At the top the inner tube emerges and termi- 
nates in a three-way stopcock above which is a capillary continua- 
tion of the inner tube. Just below the stopcock a fine platinum 
wire is fused into the side of the tube. .The heating resistance and 
the entire bulb of the regulator are enclosed in a brass container 
through which the calorimeter water flows. 

The upper end of this brass box is closed with a stopper through 
which the stem of the apparatus passes. Two short pieces of 
rubber tubing are tied over the glass horns through which the wires 
from within the bulb emerge. The upper ends of these pieces 
of rubber tubing are slipped tightly over the ends of two pieces 
of glass tubing which pass through the stopper of the brass outer 
case. In this manner the wires can be led out securely insulated 
from the water. The coil within the bulb is connected in series 








12 Gouy: Journ. d. physique, vi, p. 479, 1897. 

13 Barnes: On the Capacity for Heat of Water between the Freezing and 
Boiling Points together with a Determination of the Mechanical Equivalent 
of Heat in Terms of the International Electrical Units, Phil. Trans. Roy. 
Soc., London, Series A., elcix, pp. 149-263, 1902. 
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with the main heating resistance as shown in the figure. By 
turning the three-way stopcock, the mercury in the bulb can be 
connected with the capillary tube at the top or with a small 
reservoir of mercury at the side. When the current is first turned 
on the heater, the cock is always placed so as to connect the mer- 
cury in the bulb with the reservoir. After the temperature of the 
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Fie. 3. Water HEATING RESISTANCE AND CURRENT REGULATOR. 





ingoing water has reached approximately the correct level, the cock 
is turned so as to put the capillary tube in connection withthe 
mercury in the bulb. A little more current is then turned on the 
heater and the immediate effect is to cause an expansion of the 
chloroform by reason of the sudden increase in the heat developed 
in the manganin wire within the bulb. The expansion of the 
chloroform drives mercury up in the capillary tube and closes 
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the relay circuit. The operation of the relay opens a short circuit 
around which the main heating current has been flowing and forces 
the current to pass through a resistance marked “regulating resist- 
ance”’ in the figure. This causes a diminution in the strength of 
current, the volume of the chloroform shrinks, the relay circuit 
is broken and then the cycle is repeated. The low specific heat 
and high coefficient of cubical expansion of chloroform result in 
very rapid changes in its volume with change in the amount oi 
heat developed in the wire within the bulb, and as long as the 
line voltage remains constant these changes succeed each other 
with great regularity and the mean heating effect of the current 
flowing through regulator and heater is constant. 

A fall in line voltage results in a lessening of the mean volume 
of the chloroform which causes the time of closure of the short 
circuit to become greater and thus compensates for the fall in 
voltage by lengthening the time during which the resistance of 
the circuit is a minimum. AA rise in voltage results in increase of 
the mean volume of the chloroform with the attendant effect of 
keeping the regulating resistance in series with the heater for a 
greater length of time and thus compensating for the increase in 
current which a rise in line voltage would otherwise produce. 

The chloroform responds so quickly to changes in the heating 
effect of the current that regulation takes place before any change in 
the temperature of the flowing water becomes appreciable. As 
in the Gouy regulator, the platinum contact wire at the top of 
the capillary tube is kept agitated mechanically to prevent “‘stick- 
ing”’ of the mercury. 

The original regulator is still in use and has caused no trouble 
over a period of two academic years. At its first trial it main- 
tained the temperature of the water constant within 0.05° over a 
period of five hours. Three-fifths of this change was traced to 
displacement of the upper contact and over the last four hours of 
the experiment the change was only 0.02°. During the course of 
actual experimental work changes of more than 0.01°-0.02° prac- 
tically never occur except when it becomes necessary to change 
the temperature voluntarily. 

When this occurs the change is made at the time of reading the 
thermometers so that an interval of four minutes elapses during 
which conditions may become steady. Small changes in tem- 
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perature can be brought about by turning the three-way stopcock 
so as to add or remove small amounts of mercury from the 
capillary tube. 

For greater changes the bulb is connected to the reservoir and 
the ballast resistance used as at the beginning of an experiment. 

Immediately after making the alterations described above, the 
control experiments on the measurement of small quantities of 
heat became satisfactory. 

On account of the slow rate of flow and the small diameter of 
the tubes through which the calorimeter water passes, it was 
decided not to use the city service water which always deposits 
a great deal of sediment, but to use distilled water. The supply 
is kept in a large storage tank, A, figure 4, and is raised by a small 
bronze geared pump to the tank, B, figure 5. Tank B is provided 
with an overflow pipe and the water is pumped up rather faster 
than it is needed so that a little always comes back through the 
overflow pipe and the head of the water remains constant. 

From B separate pipes bring down the water for cooling the 
interior and for cooling the air space between the outer and middle 
walls. The water for cooling the interior passes down from B 
through a long coil of copper tubing in the tank C, figure 4. This 
tank is heavily lagged with cork and is filled with broken ice. 
Leaving tank C at a very low temperature, the water passes 
through the coil of copper tubing in the Gouy regulator tank, 
D, figure 5. Leaving this tank at constant temperature, usually 
about 16°C., it flows through the vacuum jacketed tube F, figure 
5, to the apparatus R, shown in the same figure. FR contains the 
heating coil and the device shown schematically in figure 3 for 
controlling the heating current. From R the water enters the 
calorimeter. The entrance and exit of the water is through vacuum 
jacketed glass tubes in which are placed the bent mercurial ther- 
mometers for determining the temperature of the ingoing and out- 
coming water. The vacuum jackets have been thoroughly ex- 
hausted with a Gaede mercury pump, the tubes being heated to a 
high temperature during exhaustion to drive off occluded gases 
from the walls. The vacuum is of the order of that in a kathode 
tube and the very perfect heat insulation afforded effectively pro- 
tects the thermometers and water current against the influence 
of the higher temperature of the walls and air spaces through which 
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they pass. After passing out of the calorimeter the water flows 
over and is collected in the can EL, shown in figure4 suspended from 
the balance. At the end of an experimental period, while the water 
in this can is being weighed, the water flowing from the calorimeter 
is allowed to collect in the copper pitcher shown at P, figure 4. 

When the weighing is completed the contents of the pitcher are 
emptied into E after deflecting the water current to this can once 
more. The jointed pipe which permits the deflection of the water 
current can be seen just above P in the figure. It is shown feed- 
ing into a waste pipe which leads back to the storage tank A. 
During the preliminary periods when heat is not being measured 
the water is allowed to take this path. At the bottom of EF can 
be seen a cock through which the can may be emptied if in the 
course of a long experiment it becomes too full. 

The water for cooling the air space between the outer and middle 
walls is refrigerated in a tank similar to C which is not shown in 
figure 4 as it is concealed behind the calorimeter. The return 
flow from this system is allowed to run directly back into A. 
Below C can be seen a waste pipe for draining off the water from 
melting ice. In figure 4, the oxygen cylinder O is shown at the 
side of the calorimeter and on top of the calorimeter the magnet 
M, which opens and closes the oxygen inflow tube. At the left 
of the magnet is the large tambour or tension equalizer with pointer 
and scale. 

At the left of figure 5 is shown the table on which is assembled 
the physical apparatus for determining the temperature of the air 
and walls and that of the subject of the experiment, also the 
various devices for maintaining the adiabatic control. 

In the center of the table at Br is the Kohlrausch rotary bridge. 
At the left of this is the thermometer switch. marked 7. S. A 
tapping key between the thermometer switch and the bridge is 
used to close the bridge and battery circuits. Behind the tapping 
key is a switch for connecting the galvanometer either with the 
bridge or with the thermo-couple system. This switch is provided 
with a pair of contacts for short circuiting the galvanometer. At 
the right of the bridge is a second tapping key in the thermo- 
couple circuit and at the extreme right a rotary switch by means of 
which the various groups of thermo-couples can be connected with 


the galvanometer. 
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The galvanometer stands on a shelf under the box marked G. 
It is read with a telescope and scale shown in the figure with a lamp 
which serves to illuminate the scale. The ballast resistances 
for controlling the current in the heating wires in the outer air 
space are mounted on the back of the large slate switchboard 
shown behind the table. They are manipulated by the hand- 
wheels at the back of the table. The rheostat for controlling the 
current in the water heating resistance is also mounted behind this 
board and is operated by the handwheel at the extreme right. This 
rheostat has sixty steps. The mounting of the resistances on a 
switchboard in this manner was adopted primarily because it was 
necessary to construct the apparatus is such a manner that it 
would conform to the requirements of the board of fire under- 
writers. The plan has several distinct advantages. The heat 
from these resistances, which is considerable, is kept away from the 
apparatus on the table, and since the handles of the rheostats 
are thoroughly ‘insulated, no part of the circuit carrying high 
potential current for heating is connected in any way with the table. 
When it is remembered that the apparatus on the table is used in 
connection with a delicate galvanometer the last consideration will 
be seen to be important. At the right of the table the mercurial 
thermometers are shown at 7’, figure 5, and below and behind them 
is a small board of hard rubber on which terminate the wires 
leading from the thermometer and thermo-couple systems. 

Below R is seen a small switchboard of slate on which terminate 
the ends of the 110 volt heating circuits. Throughout the con- 
struction no pains were spared to secure thorough insulation and 
substantial fastening of the wiring and no trouble has been experi- 
enced from this source in two years of experimental work. At 
the right of the galvanometer on the large switchboard the relays 
for the Gouy regulator and for the regulator in R are shown rather 
indistinctly. 

In figure 6 the absorber table is shown. The arrangement of 
motor, pump, sulphuric acid wash bottles and soda-lime cans, 
S. L., is clearly shown. Above can be seen the rubber tubes 
which lead the air from the calorimeter to the absorber table 
and carry the purified air back to the chamber. On the top of the 
table are the gas meter and U-tubes for determination of the com- 
position of the residual air at the ends of the experimental periods. 
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Fluctuations in barometric pressure are measured on a standard 
barometer of the Fortin type which is not shown in any of the 


figures. 
CONTROL EXPERIMENTS. 


Control experiments of four types have been carried out to deter- 
mine the magnitude of the errors which may be expected to occur 
in the work. These experiments may be designated: Radiation 
and conduction tests; Electric controls; Aleohol controls; Oxy- 


gen blanks. 
Radiation and conduction tests. 


The radiation and conduction test is made for the purpose 
of determining how far the adiabatic wall prevents gain or loss 
of heat, in other words, whether under experimental conditions 
the walls are really adiabatic. In making this test no source of 
heat is put into the box and no cooling water flows through the 
interior system of piping. The box is closed up and the tempera- 
ture of the zinc wall adjusted to be the same as that of the copper 
wall and so maintained. The air and wall thermometers are then 


read at frequent intervals. 
The conditions and result of one such experiment were as follows. 


Experiment began at 9.00 a. m. At the start the temperature of the 
laboratory air was 21°. The temperature of the wall of the copper chamber 
was 23.20° and that of the air within the chamber was 23.50°. At 11.20 a.m. 
thé temperature of the wall had fallen to 23.19° and that of the air inside to 
23.495°. The hydrothermal equivalent of this calorimeter is 10.75, or, 
otherwise stated, a change of 1°C. in the temperature of the copper wall 
under experimental conditions, means the absorption or setting free of 10.75 
calories. A fall in temperature of the copper wall of 0.01°, the result of loss 
of heat from the calorimeter to the outside, would result in an error of 0.1 
calorie. Such a loss occurred in this experiment in the course of two hours 
and twenty minutes, or a period equal to two and one-third times the length 
of the usual experimental period. This loss, however, occurred under 
conditions far more severe than those of actual experiment as the air of the 
laboratory was purposely kept over three degrees cooler than that within 
the chamber. In actual experimentation the air of the laboratory is always 
kept as nearly as possible at the same temperature as that within the box 
and seldom differs from it by more than 0.5-1°. With this flatter gradient 
the loss would undoubtedly be very much less. 
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It appears then that with steady conditions the walls may be 
considered adiabatic without liability of incurring errors as great 
as 0.05 calorie per hour. Few of the experiments have lasted 
longer than three or four hours so that the chance for accumulation 
of the radiation and conduction error does not enter into the con- 
sideration. With experiments of long duration it might be worth 
while to attempt a careful determination of the radiation-conduc- 
tion constant under experimental conditions and correct for it. 










Electric control experiments. 










The most precise and convenient method for controlling the 
accuracy of a heat-measuring apparatus is that of dissipating 
within the apparatus in the form of heat a carefully measured 
amount of electrical energy, measuring this heat with the apparatus 
and determining how closely the measured heat agrees with the 
amount which the electrical measurements show to have been 
dissipated during the time of experiment. 

To secure uniformity in the electrical current and therefore in 
the amount of heat dissipated, an.accumulator battery has been 
used as the source of current. This battery is of sufficiently large 
capacity (about 45 ampere-hours) to deliver the required amount ih 
of energy over periods of four or five hours without much diminu- P 
tion in voltage. The gradual fall in voltage can be easily and . 
exactly compensated by manipulation of a ballast resistance. Fy 
The scheme of the connections is shown in figure 7. ; 

All of the resistances employed are made of material whose resist - s 
ance changes but little with temperature. The current passes a 
from the battery through a ballast resistance, then through the Hf 
heating coil and back through a standard resistance. A precision af 
millivoltmeter measures the fall of potential across the terminals | 
of the standard resistance and serves to determine the current. 
From the terminals of the heating coil within the chamber a pair f 
of wires runs out to a voltmeter. A key is provided in this circuit 
so that the voltmeter may be connected momentarily and measure 
the fall of potential across the terminals of the heating coil. The 
reading of the millivoltmeter is maintained constant by manip- 
ulation of the ballast resistance and the voltmeter is read several 
times during each period of the experiment. The voltmeter has 


























Sees te 


as ae Be ears SaaS 


4 Hy 
r A 
4 } 
te 
m4 
i +e} 
i ae 
Seite 
45 i) eae 
} ar 
ft be i 
BTS. 
¢ tae ! 
art. 
Te 
b ¥ ba 
SG 
Hm ilee 
Per 1 
AS @iaees 
age) 
Tr Be 
ihe. 
} i 
+ ia 
. mae 
Bie 
ae | 
til ; 
ey : 
eS ee 
+) te 
$ F 
4 
: 
pee 


u 


336 A Small Respiration Calorimeter 


a range of 15 volts and is graduated in tenths of a volt. One 
hundredth of a volt can be easily estimated. With a fall of 
potential of the order of 5 or 6 volts the reading can be made to 
about one part in five hundred. The current can be measured 
with the millivoltmeter to about the same order of accuracy in 
so far as concerns the reading error. 

These instruments were specially calibrated for us by the makers, 
the Weston Electrical Instrument Company. The accuracy of this 
type of instrument and the permanency of the calibration with 
careful use is so well known as to require no further comment. 


STANDARD RESISTANCE 
A 








— 





BALLAST RESISTANCE 


.  Y 


TOO oo 
VOLTMETER MILLIVOLTMETER 






































HEATING COIL 











Fic. 7. ScHEME OF CONNECTIONS FOR ELEcTRIC CONTROL. 


Greater accuracy in the readings could doubtless have been attained 
by the use of a standard cell and potentiometer with a delicate 
galvanometer as indicator, but the errors introduced by the use 
of the direct-reading instruments are so small in comparison with 
other experimental errors that it has not been deemed worth while 
to further complicate the procedure. 

The heat dissipated is given by multiplying together the num- 
bers expressing the fall of potential across the terminals of the 
heating coil (in international volts), the current in amperes and 
the time in seconds and dividing by the number expressing the 
mechanical equivalent of heat at the temperature of the flowing 
water. 
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In our animal experimentation with the calorimeter up to the 
present time the mean temperature of the cooling water has been 
uniformly in the neighborhood of 20° and it has been kept in this 
region during the electric and alcohol controls. The value of 
the thermal capacity of water in joules per calorie for a large num- 
ber of temperatures ranging from freezing to boiling has been deter- 
mined by Barnes" in a series of extremely careful and painstaking 
experiments. The results of his experiments in the neighborhood 
of 20° agree very well with the corrected value obtained for this 
temperature by Rowlands using another method. 

The difference is not sufficiently great to affect our results much 
whichever value is taken, but as Barnes’ results were obtained by 
an electrical method and refer to the same electrical units as ours, 
it has been thought best to adopt his figure. This figure for 20° 
is 4.1873. To facilitate calculation instead of dividing the number 
of watt-seconds by this number we may multiply by its reciprocal, 
0.2393. 

The results of an electrical control experiment performed May 
6, 1911 are given below. 
























The strength of current, I, was 2.1 amperes. The fall of potential across 
the terminals of the heating coil was 5.79 volts and the time for each period 
was 3600 seconds. 
The heat is given by the product E. I. t X 0.2393 = 10,470. This is ex- 
pressed in small calories and is equal to 10.47 large calories. 4 
The following is a tabulation of the results of this experiment. i 
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HOUR | CALORIES CALCULATED CALORIES FOUND | ERROR R . 
1 10.47 10.64 0.17 | 
2 10.47 10.55 0.08 ly 
3 10.47 10.64 0.17 M 









The uniformity of the conditions during this experiment can best 
be appreciated by an inspection of the readings of the water ther- 
mometers. ‘The temperature of the inflowing water at the begin- 
ning of the third period was 20.56°C. There were fifteen readings 
during the period and for the first six successive readings, covering 
a period of twenty-four minutes, the temperature of the inflowing 









4 Loc. cit. 
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water was as given above. For the next six readings, another period 
of twenty-four minutes, the temperature was 20.55°. Then follow 
at four-minute intervals two readings of 20.54° and after the 
final four minutes the last reading is 20.55°. Whether these smal 
variations are due to faulty functioning of the regulator R, we 
have never taken the trouble to ascertain. Slow changes of the 
order of 0.01° do not affect the accuracy of the results in measur- 
able amount. It seems probable that the regulation could be 
made even closer if one felt the necessity of doing so. The tem- 
perature differences between the in and outflowing water during 
the same period are instructive as showing the uniformity of the 
dissipation and removal of heat. The first three differences were 
1.02° and the remaining twelve 1.01°. One might be led to think 
that the first three differences were too high by 0.01°, but reference 
to the preceding period affords an explanation of this result. 

During the second hour the temperature of the calorimeter 
fell slightly, but continuously, and this change was nearly at an 
end at the beginning of the third hour. The heat given up by the 
wall of the apparatus is responsible for the greater value of the 
first three temperature differences in the third period. 


Alcohol control experiments. 


By the combustion within the chamber of a known quantity of 
alcohol, one is able to control the determination of water, carbon 
dioxide and oxygen as well as that of heat. In planning experi- 
ments to ascertain the magnitude of the errors which are liable 
to occur in using the apparatus with animals, it is of importance 
to provide that the amounts of alcohol consumed per hour shall be 
such as to dissipate about the same amount of heat as the animal 
may be expected to eliminate in the same time. With a given 
apparatus the experimental errors will be, asSuming a uniform 
technique, about constant in absolute amount, so that the per- 
centage error will diminish as the total quantity measured increases. 
In planning the calorimeter, one of the problems in view was the 
determination of the metabolism of very young infants, whose 
heat production might be expected to range between 10 and 20 
calories per hour. It was determined on this account to attempt 
to burn alcohol in corresponding amounts in the control experi- 


ments. 
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In order to secure results of value in control experiments of this 
character it is important to secure complete combustion of the 
alcohol and so to regulate the supply that the combustion pro- 
ceeds with the greatest possible uniformity. 

The method used was in general similar to that in use at the 
nutrition laboratory at Boston and is a modification of a method 
described by Atwater and Bénedict.” The alcohol lamp within 
the calorimeter was fed continuously with alcohol, from without, 
through a fine tube. This tube ended outside in a narrow burette 
graduated in 0.01 ce. Into this burette alcohol was allowed to 
drop from a supply bottle at a rate just equal to that of combus- 
tion. That the rate of dropping was correct was indicated by the 
level of the alcohol in the burette which remained constant. At 
the beginning of an experiment the lamp was lighted and the appa- 
ratus sealed. After a preliminary period of half an hour or more, 
during which the calorimeter was brought into equilibrium, the 
burette was read and the supply bottle changed for another which 
had been weighed. By means of a small stopcock on the tube 
leading from the supply bottle, the rate of flow could be quickly 
adjusted so as to permit of maintaining the level of alcohol in 
the burette constant to within 0.01—0.02 ec. At the end of a 
period the burette was watched and the level kept as nearly as 
possible the same as at the beginning. Any variation could be 
noted and correction made. At first the attempt was made to 
make use of supply bottles on the Marriotte principle to secure a 
uniform head of liquid, but this was abandoned, as with the very 
slow rate of flow slight changes in room temperature made more 
change in the rate of flow than the changing head. It proved 
more satisfactory to use bottles with a simple siphon and regulate 
the flow by hand with the stopcock as might be necessary. 

In this manner it was possible to secure very uniform burning 
of the alcohol. To prevent incomplete combustion of the alcohol 
it was found necessary to use a lamp so constructed that the region 
of the edge of the wick should always be sufficiently hot to insure 
immediate ignition. In the first experiments where larger amounts 
of alcohol (corresponding to about 35 calories) were burned, a 
lamp similar in construction to an Argand burner, with provision 


16 Loc. cit. 
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for access of air to the interior of the flame, was used with success. 
With the smaller amounts of alcohol the flame was so small that 
the metal edge of the lamp was cooled by conduction of heat 
away from it to the base and combustion was imperfect. 

This became manifest by the lack of correspondence between 
results found and calculated and by a strong peculiar odor per- 
ceptible immediately after opening the chamber, presumably due 
to the presence of aldehyde and perhaps other products of incom- 
plete combustion. By using a short piece of hard glass tubing for 
the top of the burner and a wick of glass wool, this difficulty was 
entirely overcome. 

The alcohol used had a strength of 92.65 per cent as calculated 
from a determination of the specific gravity. The specific gravity 
was determined by weighing in a Squibb pyknometer equal vol- 
umes of boiled distilled water and of the alcohol in question, the 
measurement of the specimens in the pyknometer being carried 
out at the same temperature. The percentage was then deter- 
mined by interpolation from the Squibb alcoholimetric tables. 

For a discussion of the accuracy of this method reference may 
be made to the paper of Atwater and Rosa" previously cited. 

The theoretical amount of oxygenrequired to burn agiven weight 
of alcohol and the corresponding amounts of water and carbon 
dioxide which would result from its combustion, can be readily 
calculated from the chemical equation expressing the reaction which 
occurs when alcohol burns. In the case of the water one must 
make a correction for the amount of water of dilution present 
in 92.65 per cent alcohol. The heat of combustion of alcohol has 
been the subject of a large number of calorimetric investigations. 
As a result of twenty-five observations with the bomb calorimeter, 
Atwater and Rosa!’ found the heat of combustion of pure ethyl 
hydrate to be 7.067 large calories per gram. This figure has been 
adopted as the basis of the heat calculation in the present experi- 
meats. Below are presented the results of two alcohol control 
experiments. The first is a period of one hour during which 
1.74 grams of alcohol were burned in the calorimeter, the smallest 
quantity we have attempted to burn up to the time of writing. 


16 Loc. cit. 
17 Loc. cit. 
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The second experiment performed two days later covers three 
periods of one hour each. 





Alcohol control, May 18, 1911. 








| CARBON 


DIOXIDE OXYGEN WATER HEAT 






ALCOHOL 







| Found Cale. |Found Cale. Found Cale. Found Cale. 
grams grams grams grams grams grams grams calories calories 
1.74 3.10 3.09 3.37 | 3.37 | 2.35 2.02 11.70 11.42 











Alcohol control May 15, 1911. 








4.70 | 4.62 | 5.12 5.04 3.47 3.02 16.80 17.09 
2.420 4.40 4.30) 4.70 4.68 3.11 2.81 15.56 15.88 
2.390 4.28 | 4.24 | 4.73 | 4.62 | 


.62 | 3.06 2.77 15.29 15.65 








13.38 13.16 14.55 14.34 9.64 8.60 47.65 48.62 









Inspection of this table shows that the results found agree fairly 
well with those calculated except in the case of water vaporized. 
The water found is seen to exceed that calculated by from 10 
tol6percent. Inthe second experiment it may be further noticed f 
that the percentage discrepancy steadily decreased throughout ? 
the experiment, being 14.9 per cent in the first hour and 10.4 ° ' 
per cent in the third. The explanation of this discrepancy is ‘ 
doubtless to be sought in the fact that the walls of the copper ne 
chamber are able to occlude on their surfaces considerable quan- ty 
tities of moisture and in addition, the material of which the air 
thermometers are constructed and the insulation of the wiring 
within the chamber are to some extent hygroscopic. The labora- 
tory is situated within a short distance of a large body of salt 
water, the East River, and the air, never very dry, is sometimes 
nearly saturated with water vapor. This air has free access to the 
interior of the apparatus except when it is sealed up for experimen- 
tation. During the course of an experiment in which the amount 
of water given off within the calorimeter is small, the absorbing 
apparatus is capable of bringing about a continuous reduction of 
the vapor tension within the chamber. The greater part of the 
moisture present in the air of the chamber before beginning an 
experiment will be removed during the preliminary period, but as 
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the tension of water vapor in the air becomes less the moisture 
which has been occluded on the walls seems to be given off 
gradually. Doubtless, in an experiment of long duration, the 
water measured during the later hours would gradually approxi- 
mate the amount generated by combustion in the same time. 
Similar results as regards the water determination have been noted 
by Benedict and Carpenter.!? With an apparatus in which the 
amount of oxygen consumed can be directly measured, the amount 
of water given off by the subject becomes a matter of less impor- 
tance than was the case in the older forms of respiration apparatus. 
The water excretion has not. been a factor of importance in any 
of the physiological work for which the calorimeter has been used 
up to the present time. It is, however, a matter of great impor- 
tance to know just how much water has evaporated and left the 
chamber during an experimental period. Heat is absorbed in 
the process of vaporization and unless correction be made for the 
heat rendered latent by vaporization and removed in the ven- 
tilating air current, the amount of heat measured will be too 
small. To determine the quantity of heat which has been ren- 
dered latent by the evaporation of a given weight of water, one 
must know the latent heat of evaporation at the temperature of 
the air within the calorimeter. This temperature in our experi- 
ments has been 26°C. Regnault’s formula,'!® L = 606.5 — 0.695t, 
gives as the latent heat 0.588 large calorie per gram of water evap- 
orated at 26°. This figure was used at the beginning of our work. 
It was adopted at that time provisionally until opportunity should 
offer to decide as to the best value of L for this temperature. 
Through an inadvertence the use of this factor has been con- 
tinued up to the time of this publication and a large amount of 
experimental work has been.calculated on this basis. 

The most recent work on the heat of vaporization of water over 
the range of temperature in question appears to be that of Smith.*° 
According to the formula developed by him the value of L at 26° 
would be in the neighborhood of 0.582 calorie per gram. The 
amount of water vaporized in our experiments is usually so small 


18 Loc. cit. 
19 Regnault: Mem. Acad. Roy. Sci. Inst. France, xxi, pp. 635-728, 1847. 


20 Smith: Heat of Evaporation of Water, Physical Review, xxv, p. 145, 


~ 1907. 
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that it really makes but little difference which figure is used. 
The error would usually be in the second decimal place. ‘In 
future work a new value for LZ will be used based on the best data 
available and, in a critical consideration of such experiments 
as have been done prior to July 1912, it may be well to recalculate 
those in which the evaporation of water has been unusually large, 
though the correction seems hardly likely to change the physio- 
logical significance of any of this work. 

In the case of carbon dioxide the percentage error is seen to 
range from 0.3 per cent to 2.3 per cent and in the case of oxygen 
from zero to 2.3 percent. In experiments with animals it is doubt- 
ful whether the results can be relied upon in the case of oxygen and 
carbon dioxide to better than 2 per cent when the total quantities 
measured are as small as in these control experiments. The 
absolute error as may be seen is not very great and if the results 
of a number of hours of experimentation be added together the 
total result would be much nearer the truth. In the second 
experiment the percentage error in the case of carbon dioxide for 
the three hours was 1.6 and that of the oxygen determination over 
the same time 1.5. Turning to the heat measurement, we find 
errors in the single hours of the order of 2 to 2.5 per cent and an 
average error for the three hours of about 2 per cent. When one 
considers the complexity of an apparatus for measuring at the 
same time heat, oxygen absorption and output of carbon dioxide 
and water and bears in mind the difficulty of calorimetric work 
in general, it will be appreciated that a percentage error as high 
as 2.5 on a total of 15 calories is not surprising. It seems hardly 
likely that the absolute error involved can prove of any consequence 
in the decision of the class of physiological problems involving 
this kind of measurement. From the results of a large number of 
electric control experiments in addition to the alcohol controls it 
seems reasonably certain that under the conditions of the controls 


the measurement of heat is trustworthy to 2.5 per cent. Over 


longer periods or in measuring larger amounts the percentage error 
is naturally less. That the same degree of accuracy can always be 
attained in experiments on living animals is open to question. 
In such experiments one must take into consideration fluctuations 
in body temperature. As the apparatus stands at present this is 
attempted by measuring with great accuracy the rectal temperature 
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with an electrical resistance thermometer. When the fluctuations 
in*body temperature are gradual the weight of evidence seems to 
indicate that the rectal temperature is a sufficiently good index 
of the general body temperature. When, however, the temperature 
of the body undergoes rapid change, we have evidence that the 
change in the rectal temperature does not run strictly parallel to 
the general change and under such circumstances the heat measured 
over a short period may be in error by a very much larger amount 
than 2.5 per cent. The possible limits of this error and whether 
or not means which have been proposed for eliminating or lessen- 
ing it will be effective cannot be stated as yet. This source of 
error is probably minimal in all cases where the body temperature 
changes slowly, but it is well for the present to exercise reserve 
in judging the results of experiments in which the rectal thermome- 
ter has shown sudden and large fluctuations. 


ERRORS IN DETERMINATION OF OXYGEN. 


In attempting to determine oxygen consumption directly with 
this type of apparatus, numerous sources of error require atten- 
tion. Oxygen is admitted to the system from a weighed cylinder 
of the gas so as to maintain the apparent volume the same at the 
end as at the beginning of the experiment. The following causes 
can operate to change the apparent volume. 

Consumption of oxygen by the subject of experiment. 

Removal of excess of water vapor by absorbers. 

Removal of carbon dioxide by the absorbers. 

Change in temperature of air within the chamber. 

Change in general barometric pr ssure. 

All of these causes are operative during experimentation and 
all, except actual consumption of oxygen by the subject, require 
that corrections be made. In addition there is the possibility of 
leakage in any part of the system. Should a loss of 1 liter of air 
from the system occur, the determination of carbon dioxide and 
water would suffer but little error. That of oxygen would be in 
error by over 1.4 grams. In an experiment on a small human 
infant such a leakage would cause an error in the neighborhood of 


30 per cent. 
The correction for change in temperature of the air within the 
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calorimeter is made on the basis of the indications of the air ther- 
mometers. These are six in number and so situated as to integrate 
fairly well the average temperature of the air. Owing to the 
necessity of keeping the central part of the chamber clear, the air 
thermometers had to be put near the walls so that warmer or 
cooler air from the central parts of the chamber has to reach the 
thermometers by convection. The ventilation is not sufficient 
to prevent localized portions of this air from acquiring for short 
intervals a temperature very different from the general temperature 
inside the box in case a sudden increase in heat elimination occurs, 
as the following experiment shows. 

An electrical resistance was put in the calorimeter and the 
apparatus sealed up. After steady conditions were attained the 
air thermometers were read and heat suddenly developed in the 
resistance which occupied a position in the center of the box. 

The box itself with the tension equalizer provided with a long 
pointer is a most sensitive thermobarometer. The immediate 
effect of a puff of heat in the center of the box was to cause a sudden 
elevation of the pointer on the tension equalizer of about 10 cm. 
After a considerable interval the air thermometers recorded the 
change. This shows clearly that sudden changes in temperature 
at the end of an experimental period would be quite sufficient to 
upset the oxygen determination. Whether such changes occur or 
not the operator is fortunately in a position to determine without 
regard to the indications of the air thermometers. No sudden 
change in temperature can escape detection if the long pointer 
attached to the tension equalizer is watched and this the operator 
always does at the end of the periods. No result is accepted where 
a sudden change in temperature of the air occurs at or near the 
end of the period. 

Changes in barometric pressure can be read to 0.05mm. The 
barometer is always adjusted a few minutes before the end of a 
period so that the exact reading can be obtained without delay 
just at the end of the period. Since the residual amounts of carbon 
dioxide and water vapor in the chamber may vary from the end 
of one period to that of the next an analysis is made just before 
the end of each period by the method described by Benedict and 
Carpenter.” 


21 Loc. cit. 
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Any error in the residual analysis would also appear in the final 
result as affecting more or less seriously the determination of oxygen. 

For the purpose of determining the adequacy of the technique 
and the tightness of the apparatus without the necessity of going 
through with the very considerable labor of an alcohol control, 
the following experiment was devised which for brevity has been 
called an 

Oxygen blank. 


In carrying out this test the apparatus is sealed up as if for a 
formal experiment and the ventilating current of air started. No 
source of heat within is necessary and the cooling water need not 
be kept flowing though this has sometimes been done. When 
conditions have become fairly steady an analysis of the residual 
air is made and the air pump stopped. The air current is deflected 
in the usual manner through a fresh set of weighed absorbers and 
the tension equalizer adjusted to standard position by admission 
of oxygen. 

The air current is started again, the cylinder of oxygen weighed 
and replaced and the experiment continued for an hour when the 
residual analysis is again made and the tension equalizer adjusted 
to standard position. No oxygen will have entered the system, 
provided it is tight, unless a shrinkage in volume due to fall of 
temperature or rise of the barometer has occurred. To prevent 
an increase in apparent volume the temperature is made to fall 
slightly throughout by use of the cooling water in the outer air 
space. Just at the end of the preliminary period and just at the 
end of the test the barometer and air thermometer readings are 
made. 

After correcting for the changes in volume due to temperature 
and barometric change and making allowance for the amounts of 
water vapor and carbon dioxide removed by the air current the 
net amount of oxygen used should be zero. In one such experi- 
ment the amount of oxygen unaccounted for after making the 
corrections was 20 cc. and in another 66 cc. These represent the 
extremes. Theamounts usually run about 20-30cc. Thesmallest 
oxygen consumption in actual experiments has been with infants. 
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The amount for the smallest infant (weight 3.05 kgms.) was 2.16 
to 2.50 grams per hour.” 

The average error shown in the oxygen blanks would be less than 
2 per cent of this amount.* This blank experiment is easily per- 
formed and requires but one or at most two persons to carry it out. 
The ease with which it can be done makes it a convenient check on 
the gas analysis technique and it has been frequently employed. 
It will detect with certainty very small leaks. The window has to 
be sealed for each experiment and no satisfactory test for tightness . 
can be made with the subject in the apparatus. The window 
is closed with two glasses, however, and sealed with great care. 
All but one of the joints on the absorber table can be tested during 
the experiments. All other possibilities of leakage are accounted 
for by the oxygen blank. 

As a result of these tests and of the alcohol controls it seems to 
be established that the apparatus is capable of measuring oxygen 
in amounts corresponding to the metabolism of small animals to 
a very high degree of accuracy, but that this degree of accuracy 
shall be realized in actual experimentation on animals it is uncon- 
ditionally essential that no sudden fluctuation in temperature of ; 
the air within the chamber shall occur at or near the end of the if 
period of experimentation. 

























*2 Howland: Zeitschr. f. physiol. Chem., |xxiv, p.12, 1911. 
* The error in oxygen blanks was often less than 20 cc. but the general * . 

trend of these experiments indicates an absolute error in oxygen measure- 2 

ment of about 20-30 cc. This for the smallest oxygen consumption meas- 

ured would be an error of 1.25-1.5 per cent by weight. 
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I. INTRODUCTION. 





The construction of a respiration calorimeter which can measure 
the heat production, the carbonic acid outgo and the oxygen intake 
in hourly periods in the dog, has revealed some new facts which are 
to be set forth in this series of papers. The special object of much 
of the work done has been to investigate more closely the nature of 
the processes involved in the increased heat production which 
follows the ingestion of the various foodstuffs—the so-called 
“specific dynamic action’ of Rubner. Carl Voit believed that 
abundant food increased the power of the cells of the body to me- 
tabolize the materials brought to them. This he clearly stated in 
the following language :! 

















* Carl Voit: Physiologie des Stoffwechsels und der Erndhrung, 1881, pp. 
308, 311. 






349 








350 Metabolism after Meat Ingestion 


“Die Masse und Leistungsfihigkeit der stofflich tatigen Zellen einerseits 
und die Qualitit und Quantitit des den Zellen zugefiihrten Verbrauchs- 
materials andererseits, bestimmen demnach den Stoffumsatz; die Zellen 
vermégen aber nur bis zu éiner gewissen dussersten Grenze titig zu sein 
iiber die hinaus auch bei weiterer Zufuhr nicht mehr zersetzt werden kann.”’ 


and, 


‘Die hauptsichlichsten Aenderungen im Stoffwechsel werden aber her- 
vorgerufen durch die Verschiedenheiten in der Qualitaét und Quantitat 
des Verbrauchsmaterials welches den Zellen durch die Saftecirculation 
zugefiihrt wird. Es handelt sich dabei vorziiglich um die Menge des durch 
den Saftstrom dargebotenen Eiweises, aber auch um die zugleich vorhan- 
denen stickstofffreien Stoffe.”’ 


This was essentially his belief more than twenty years later.’ 

Von Mering and Zuntz* held that the increase in metabolism 
after food ingestion was due to the increased activity of the intes- 
tinal tract. This they believed to be the true cause of the increased 
heat production, a contention which has been strongly maintained 
in the many papers from Zuntz’s laboratory. 

In a paper of Magnus-Levy* from Zuntz’s laboratory, experi- 
ments were described in which various foods were given to a dog 
and the respiratory metabolism determined in short periods each 
hour after the intake of food. After giving 1800 grams of meat to 
a dog weighing 26 kgms., the oxygen consumption rose from 185 cc. 
to 350 and 360 cc. per minute, an increase of 100 per cent. The 
metabolism was maintained at nearly this height from the third 
to the eighth hour. After giving rice or rice and cane sugar, the 
oxygen consumption was increased 20 per cent, whereas with 
very large quantities of fat, the increase was not more than 10 
per cent in eighteen hours. 

Reviewing the known facts, Magnus-Levy concludes 


“Die ganze Rechnung deren unsicheren Grundlagen nicht verkannt 
werden, soll uns zeigen dass der Versuch den Mehrverbrauch ganz oder zum 
weitaus gréssten Teil auf die ‘Verdauungsarbeit’ zuruckzufiihren, keines- 


wegs unmdglich ist.’’ 
In a later paragraph, however, he adds concerning the behavior 
of protein, 


2 Carl Voit: Miinch. med. Wochenschr., xlix, p. 233, 1902. 
’ Von Mering and Zuntz: Pfliiger’s Archiv, xv, p. 634, 1877. 
4 Magnus-Levy: Pfliger’s Archiv, lv, p. 1, 1894. 
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‘Diese Erhéhung des Gesammtumsatzes kann zuriickgehen sowohl auf 
eine Steigerung des Ruheverbrauchs wie auf eine directe Anregung, einen 
Reiz zu starkerer activer Bewegung, zu grésserer Lebhaftigkeit; letzteres 
ist aus manchen Erfahrungen wahrsheinlich; ersteres glaube ich aus meinen 
Versuchen entnehmen zu konnen.”’ 


Rubner® denies that intestinal activity plays any significant 
role in the phenomenon in question. Rubner believes that the 
fasting metabolism represents the necessary minimum of energy 
needed to maintain life. When food is ingested it must be acted 
on by ferments of various kinds breaking it up into simple com- 
pounds with the elimination of heat. The metabolizable energy 
in the simple compounds may be used in isodynamic equivalents, 
instead of the energy used in fasting, and when sufficient food is 
given (the maintenanee ration) may completely supplant the latter. 
However, the heat liberated in the preliminary preparation of 
these metabolizable compounds is of no value as fuel to support 
the movements of the cell-particles and is simply eliminated as 
free heat. According to this theory: the heat liberated in the pre- 
paration of foodstuffs for dynamic purposes is added to that 
developed in order to satisfy the basal dynamic requirement of the 
cells, the sum of the two producing the total obtained. Thus 
Rubner found that if cane sugar containing 100 calories was given 
to a dog, the heat production was increased 5.8 calories. Since 
cane sugar on cleavage into levulose and dextrose yields 3.1 per 
cent of its total energy content as free heat, Rubner attributed the 
larger part of its specific dynamic action to this factor, and believed 
that ingested dextrose itself was practically without power to 
increase the metabolism. When meat containing 100 calories 
was metabolized, the heat production was increased by 30.9 calo- 
ries, which Rubner interpreted to mean that protein yielded dex- 
trose which was serviceable to the cells in maintaining the motions 
of life, while much of the remainder of the energy in the protein 
was spent as free heat in preliminary cleavages and oxidations. 
When fat containing 100 calories was ingested, 12.7 calories of free 
heat were liberated. Rubner has never given a satisfactory reason 
for this, although he states that the explanation is akin to that of 
the behavior of cane sugar. Since, however, tissue fat oxidized in 





5 Rubner: Die Gesetze des Energieverbrauchs, 1902. 
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fasting must undergo the same form of cleavage andmetabolism 
as ingested fat, and since the simple cleavage of fat into fatty acid 
and glycerin or the synthetic reversion of these two substances is 
not accompanied by the liberation of any great amount of energy, 
the specific dynamic action of fat in terms of Rubner’s theory is 
not clear.® 

The method of calculating the specific dynamic action of pro- 
tein used by Rubner is open to serious criticism. In all but one 
instance, Rubner neglected to attribute any specific dynamic in- 
fluence to the protein metabolism of the fasting period. It seems 
to the writers that the increase of protein metabolism above that 
obtained in fasting should represent the true influence which is the 
cause of the increased total metabolism. If, for example, the calo- 
ries of protein and of total metabolism of three experimental days 
after giving 274 grams of meat be averaged, and from this the calo- 
ries of protein metabolism and of total metabolism in fasting be 
deducted, the result shows the increase in metabolism caused by the 
increased protein destruction. The following’ illustrates this 
point. 


CALORIES OF METABOLISM + 


RUBNER’'S EXPERIMENT NUMBER 
Protein Total 


30 274 gm. meat 170.8 331.3 


31 274 gm. meat 196.5 328 .: 
32 | 274 gm. meat 218.4 321. 


Ries TAGS 195.: 327. 
' Fasting 41. 231. 


Increase 153. 95. - 


If an increase in protein metabolism of 153.4 calories caused an 
increase in total metabolism of 95.4 calories, the specific dynamic 
action of protein would be ne or 62. Ifthe calories of the fasting 


protein metabolism are not subtracted, the specific dynamic action 


6 For further details consult Lusk: Science of Nutrition, 2d ed., 1909; 
Stoffwechsel und Erndhrung: Deutsche Uebersetzung von L. Hess, 1910. 
A full review of the literature cannot be attempted in this series of articles. 

7 Taken from Rubner, loc. cit., p. 323. 
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95.4 
would be 195.9 
calories of theingesta. In Experiment 40, the dog’s weight was 4.56 
kgms. From table 120 on p.325, it may beseen that the dog received 
57.1 calories per kilogram in the form of protein or 260.4 calories 
7 
260.4 
36. This is essentially the basis of Rubner’s calculation, although 
he makes further allowance for fat ingested. 

This method of calculation, however, is erroneous, for of 260.4 
calories of protein in the ingesta, only 195.2 were liberated in 
metabolism and Rubner in another part of his book (p. 256) shows 
that protein which is added to the organism (as must have taken 
place in this instance) exerts no specific dynamic influence. 

The case in which Rubner himself deducts the calories of the 
fasting metabolism from those of increased protein metabolism 
is found in his work with phlorhizin glycosuria.’ If the specific 
dynamic action of protein is due to the intermediary processes of 
protein metabolism, this latter method of computation appears 
to the writers to be the true form of procedure. 

A research by Gigon’ on a man who was given separately casein, 
dextrose, olive oil, and casein + dextrose, and whose metabolism 
was determined in the Jaquet respiration apparatus, has yielded 
some interesting data. The man’s metabolism eight hours after a 
customary meal had a constant basal value of 70.16 calories per 
hour when the individual was in complete repose upon a bed 
(Niichternwert bei vorsatzlicher Muskelruhe). 

In order to make the work of Gigon capable of comparison, the 
recalculations on page 354 have been made from the figures given 
in his article. 

Gigon concludes that protein ingestion has little effect on the 
fundamental metabolism of carbohydrate and fat in the organism. 
This is merely because he has found a high “specific dynamic” 
action for protein. 

Gigon finds that ingestion of 50 grams of dextrose slightly 
increases the heat production (12 calories in two hours) and that 


or 49. Rubner, however, bases his calculations on the 


daily. This would give a specific dynamic action of 


8 Rubner: loc. cit., p. 370. 
® Gigon: Pfliiger’s Archiv, exl, p. 1, 1911. 
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Increase of metabolism in man due to protein ingestion (Gigon). 


| | 100 CALORIES 
INCREASE IN OF PROTEIN 
INCREASE IN PROTEIN TOTAL METABOLISM 
METABOLISM CALORIES OF INCREASES 
| METABOLISM TOTAL 
CALORIES BY 


FOOD 


calories 
50 gm. casein ’ 28.4 19 67 
100 gm. casein 23.8 | 95.: 53 56 
150 gm. casein . p> ee. 118 83 
200 gm. casein 58. 232. 171 74 


Average 70 


100 grams of dextrose brings about an increase of 30 calories in 
four and one-half hours, the increase in the two cases being about 
the same per hour. Fifty grams of olive oil given reduced the 
metabolism by 30 calories in seven and one-half hours, and 150 
grams of olive oil increased it by 20 calories in eight hours. Gigon 
denies that there is a specific dynamic action, but that a specific 
relation exists between the organism and each individual food- 
stuff. 

All this is in accord with the doctrines of Carl Voit who laid 
greater emphasis upon the ‘‘Stoffwechsel”’ than upon the “‘ Kraft- 
wechsel”’ in the interpretation of the phenoniena of metabolism. 
Voit!® wrote in 1902, “Ich halte daher an meinem ‘alten Stand- 
punkt’ dem rein stofflichen, zur Erklarung der Vorginge des 
Stoffwechsels, und ich bin ttberzeugt dass er der richtige ist.”’ 

But neither method is complete without the other. 





II. EXPERIMENTAL PROCEDURE. 


The results here described were obtained from two short-haired 
bull terriers (females), known as Dog I, weighing 13.5 kgms., 
experimented on during the first year of the work and Dog II, 
weighing 9.3 kgms., during the second year. 

Before the dog was placed in the box of the calorimeter, an 
electrical resistance thermometer was inserted about four inches 
in the rectum. At first an attempt was made to swing the dog 
from a frame in the calorimeter after the manner of Pawlow. It 





ir 


Ease aT Pcie 2 ORIEL oes = epee bes setae ae ee eee 
ees Teas Cer eres FH rs aes Met ee dass ews 


10 Voit: loc. cit. 


see 


fas 

















H. B. Williams, J. A. RicheandG. Lusk = 355 


was found, however, that the dog in this position frequently became 
uncomfortable and sometimes struggled violently. Later a ham- 
mock with a flat cloth bottom and sides of knitted cord was intro- 
duced, and on this the well-trained animal remained quiet and 
asleep, often for periods of three to five hours. To promote quiet 
the glass window of the calorimeter was always covered with a 
heavy blanket which shut out all the light. During the second 
year of experimentation, at the urgent suggestion of Dr. F. G. 
Benedict, a useful device for registering the movements of the dog 
was placed in connection with the floor on which the dog lay and 
any motion was transmitted to a recording apparatus which wrote 
upon a kymograph. The room was always kept quiet. Special 
care not to wake the dog had to be observed at the end of each 
hourly period when the rotary blower was stopped for a moment 
in order to direct the pathway of the air through a different set of 
absorbers. Movement at the end of the period heated the air 
within the apparatus and caused its volume to increase so that the 
oxygen absorbed during the period could not be determined. It is 
obvious that a considerable amount of work had to be discarded 
on account of the behavior of the animal. 

The temperature of the interior of the calorimeter was main- 
tained between 26° and 27° during all the experiments. 

The problem of the collection of the urine in hourly periods 
during the time when the dog was in the respiration appara- 
tus presented unsurmountable difficulty. However, a very close 
approximation to accuracy was obtained by collecting the urine in 
hourly periods when the animal was given the same quantity of 
food outside the calorimeter. If the dog were catheterized before 
going into the calorimeter and again when he came out, it was 
found that the urine of this period contained nitrogen equal to the 
sum of the amounts of nitrogen found in corresponding hourly 
periods as determined separately on other days. (See Appendix, 
Tables XII and XIII.) During the height of the digestion the 
hourly elimination of nitrogen was found to be very even and 
averages could be computed for the experimental period. 

Catheterization was aided by the use of an aural speculum. 
The speculum and soft silk catheter were always sterilized in a 
steam bath before using and the bladder was washed with water 
and then with boracie acid solution after each catheterization. 
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Experiments extending over many months and often involving 
hourly catheterization for many successive hours were thus accom- 
plished without infecting the bladder." 

In calculating the heat produced by the dog three factors were 
considered; first, the heat measured by the calorimeter, second, 
the heat of water vaporized, and third, the heat gained or lost by the 
dog’s body during the period as measured by an electrical resist- 
ance rectal thermometer inserted four inches in the rectum. The . 
body temperature was thus recorded every four minutes on the 
Wheatstone bridge, and the calculation was based on the weight of 
the dog modified by a specific heat of his body equal to 0.8. The 
expression, heat eliminated, of Benedict is the sum of the heat lost 
by radiation and conduction from the animal to the calorimeter 
plus that lost by the evaporation of water. This is calculated as in 
an alcohol check experiment described in this Journal, this volume, 
p. 338. The heat produced by the animal equals the heat eliminated 
plus or minus the heat retained in his own body as registered by 
the rectal thermometer. The quantity of oxygen absorbed and 
carbonic acid eliminated is calculated as in the alcohol check 
to which reference is made in the previous paper. 

The calculations of indirect calorimetry throughout this series 
of papers are based on the figures given by Loewy” and are as 
follows: 

1 gram urinary N = 26.51 calories. 
1 gram urinary N = 5.91 liters Oy, (= 8.45 grams). 
1 gram urinary N = 4.75 liters CO, (= 9.35 grams). 


Il gram O, = 0.699 liters. 
1 gram CO, = 0.508 liters. 


The grams of nitrogen of the urine are multiplied by the oxygen 
and carbon dioxide coefficients. The resulting quantities are 
deducted from the amounts of carbon dioxide expired and oxygen 
inspired. The respiratory quotient of these remainders depends 
upon the relative quantities of carbohydrate and fat oxidized. 
The value of this non-protein metabolism may be computed from 


11 Tt would be possible to mention several pieces of work from American 
laboratories whose value is decreased or is even utterly worthless on account 
of a neglect to separate the urine by catheterization. 

122 Loewy: Oppenheimer’s Handbuch der Biochemie, iv, p. 277, 1911. 
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a table given by Zuntz and Schumburg™ of which the following.is 
a convenient elaboration. 











The significance of the Non-protein Respiratory Quotient as regards the heat 
value of 1 liter of oxygen, and the relative quantity in calories of carbohydrate 
and fat consumed. 










CALORIES FOR I LITER O2 











R. Q. CARBOHYDRATE FAT 
Number Log 
per cent per cent 
0.70 4.686 0.67080 0 100 
0.71 4.690 0.67116 1.4 98.6 
0.72 4.702 0.67231 4.8 95.2 | 
U.73 4.714 0.67346 8.2 91.8 - . 
0.74 4.727 0.67460 11.6 88.4 
0.75 4.739 0.67574 15.0 85.0 
0.76 4.752 0.67688 18.4 81.6 . 
0.77 4.764 0.67801 21.8 78.2 i 
0.78 4.776 0.67913 25.2 74.8 a 
0.79 4.789 0.68024 28.6 71.4 
0.80 4.801 0.68136 32.0 68.0 
6.81 4.813 0.68247 35.4 64.6 
0.82 4.825 0.68358 38.8 61.2 
0.83 4.838 0.68469 42.2 57.8 
0.84 4.850 0.68578 45.6 54.4 
0.85 4.863 0.68690 49.0 51.0 
0.86 4.875 0.68800 52.4 47.6 
0.87 4.887 0.68910 55.8 44.2 
0.88 4.900 0.69019 59.2 40.8 
0.89 4.912 0.69128 62.6 37.4 
0.90 4.924 0.69230 66.0 34.0 
0.91 4.936 0.69343 69.4 30.6 
0.92 4.948 0.69450 72.8 27.2 
0.93 | 4.960 0.69557 76.2 23.8 
0.94 4.973 0.69664 79.6 20.4 
0.95 4.985 0.69771 83.0 17.0 
. 0.96 4.997 0.69878 86.4 13.6 
0.97 5.010 0.69985 89.8 10.2 
0.98 5.022 0.70092 93.2 6.8 
0.99 5.034 0.70199 96.4 3.4 
0.0 


1.00 5.047 0.70307 100.0 





| 
| 








4 Zuntz and Schumburg: Studien zu einer Physiologie des Marches, Ber- 
lin, 1901. 
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In cases where the non-protein respiratory quotient rises above 
unity, the heat production may be approximately calculated by 
multiplying the number of liters of oxygen absorbed by its calorific 
value when the respiratory quotient is unity, and adding to that a 
certain value obtained as described below. 

The simplest expression for the conversion of dextrose into fat 


is as follows: 


191.3 grams dextrose = 100 grams fat + 7.4 grams H.O + 84 grams On, or 
1 gram dextrose — 0.43 gram O, = 0.57 gram fat. 


This reaction, however, does not probably take place with the 
liberation of free oxygen, but rather with the coincident metabo- 
lism of dextrose in a manner similar to that suggested by Bleib- 
treu and represented by the following formula: 


270.06 grams dextrose = 100 grams fat + 54.6 grams H,O + 115.45 grams CO,. 


In this formula fat is produced from dextrose with the liberation 
of carbonic acid and water. The reaction is exothermic, 4.7 per 
cent of the energy in dextrose being liberated as heat as is seen 


below. 
270.06 * 3.692 = 997.2 calories. 
100.00 « 9.500 = 959.0 calories. 


Since the elimination of 115.45 grams of carbon dioxide is accom- 
panied by the liberation of 47.2 calories, it follows that 1 gram so 
eliminated has a caloric value of 0.409 or 1 liter, 0.803 calories. 
Recalling the fact that the R.Q. of carbohydrate is unity, one 
may deduct the number of liters of non-protein oxygen absorbed 
from the number of liters of non-protein carbonic acid eliminated 
and the remainder will represent the liters of carbonic acid due to 
the reaction involved in the production of fat from carbohydrate. 
Its calorific value is obtained by multiplication with 0.803 calorie. 
At least this method of calculation may be provisionally adopted, 
pending a more complete knowledge of the process itself. 


14 Magnus-Levy: Von Noorden’s Handbuch der Pathologie des Stoffwechsels, 
i, p. 166, 1906; Magnus-Levy and Meyer: Oppenheimer’s Handbuch der Bio- 
chemie, iv, p. 472, 1911. 

6 Bleibtreu: Pfliiger’s Archiv, Ixxxv, p. 345, 1901. 
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In cases where the non-protein respiratory quotient rises above 
unity, the heat production may be approximately calculated by 
multiplying the number of liters of oxygen absorbed by its calorific 
value when the respiratory quotient is unity, and adding to that ¢ 
certain value obtained as described below. 

The simplest expression for the conversion of dextrose into fat 


is as follows: 


191.3 grams dextrose = 100 grams fat + 7.4 grams H,O + 84 grams Qh», or 
1 gram dextrose — 0.43 gram O, = 0.57 gram fat. 


This reaction, however, does not probably take place with the 
liberation of free oxygen, but rather with the coincident metabo- 
lism of dextrose in a manner similar to that suggested by Bleib- 
treu and represented by the following formula: 


270.06 grams dextrose = 100 grams fat + 54.6 grams H.O + 115.45 grams CO,. 


In this formula fat is produced from dextrose with the liberation 
of carbonic acid and water. The reaction is exothermic, 4.7 per 
cent of the energy in dextrose being liberated as heat as is seen 


below. 
270.06 &K 3.692 997.2 calories. 
100.00 « 9.500 = 950.0 calories. 


Since the elimination of 115.45 grams of carbon dioxide is accom- 
panied by the liberation of 47.2 calories, it follows that 1 gram so 
eliminated has a caloric value of 0.409 or 1 liter, 0.803 calories. 
Recalling the fact that the R.Q. of carbohydrate is unity, one 
may deduct the number of liters of non-protein oxygen absorbed 
from the number of liters of non-protein carbonic acid eliminated 
and the remainder will represent the liters of carbonic acid due to 
the reaction involved in the production of fat from carbohydrate. 
Its calorific value is obtained by multiplication with 0.803 calorie. 
At least this method of calculation may be provisionally adopted, 
pending a more complete knowledge of the process itself. 


‘4 Magnus-Levy: Von Noorden’s Handbuch der Pathologie des Stoffwechsels, 
i, p. 166, 1906; Magnus-Levy and Meyer: Oppenheimer’s Handbuch der Bio- 
chemie, iv, p. 472, 1911. 

6 Bleibtreu: Pfliiger’s Archiv, |xxxv, p. 345, 1901. 











DATE TIME 
1910 | a.m. 
Dec. 19 | 9.45-10.45 
Dec. 22 | 9.45-10.45 

1911 
Feb. 9 | 9.45-10.45 
Apr.17 | 9.45-10.45 
1910 | 
Dee.6 | 10.45-11.45 


Assuming a minimal basal metabolism of 22 


“I 


8 


i8 


25 


gram 


8.11 
8.61 


6.93 
7.44 


13.64 


Or 


gram 
8.05 


7.87 


8.99 


6.79 


13.80 


99 


R. Q. 


0.73 
0.80 


0.74 
0.80 


0.72 


H:0 


gram 
8.32 
7.91 


4.18 
6.53 


19.26 


URINE 


gram 


0.310 
0.238 


0.344 
0.318 


0.147 


CO: 


gram 
5.21 


6.38 


w 
~] 
wan 


4.77 


12.26 


minimal metabolism would therefore be 759 calories per square meter of surface. 





DATE 


1911 
Jan. 24 
Apr. 13 
Apr. 17 
Mar. 31 
Apr. 13 
May 1 
Feb. 7 
Feb. 9 
Jan. 28 
Mar. 18 


Feb. 3 
Feb. 3 
Feb. 3 
Apr. 13 
Apr. 13 
Apr. 13 
Apr. 15 
Apr. 15 
Apr. 15 


Apr. 22 
Apr. 24 
Apr. 24 
Apr. 28 
Apr. 28 
Apr. 26 
Apr. 26 
Apr. 26 
Apr. 22 
Apr. 22 
Apr. 22 


TIME 
| 
| 
p.m. 
| 12.45- 1.45 
| 12.45- 1.45 
| 12.45~ 1.45 
| 1.45- 2.45 
| 1.45- 2.45 
| 1.45- 2.45 
| 1.45- 2.45 
1.45- 2.45 
2.45- 3.45 
| 2.45- 3.45 
3.45- 4.45 
| 3.45- 4.45 
| 4.45- 5.45 
| 5.45- 6.45 
| 6.45- 7.45 
7.45- 8.45 
| 8.45- 9.45 
| 9.45-10.45 
| 10.45-11.45 
| 11.45-12.45 
| a.m. 
| 12.45- 1.45 
| 12.45- 1.45 
| 1.45- 2.45 
| 1.45- 2.45 
| 2.45- 3.45 
| 2.45- 3.45 
| 3.45- 4.45 
| 4.45 5.45 
| 5.45- 6.45 
| 6.45- 7.45 
| 7.45- 8.45 


*Moving for five minutes. 





| 
| 
| 
| 
} 
| 





12 
23 
25 
22 
23 
32 
17 
18 
14 
21 
15 
16 
16 
16 
23 
23 
23 
24 
24 
24 


26 
27 
27 
30 
30 
29 
29 
29 
26 
26 
26 


| 


CO: 


gram 
13.21 
13.13 
13.34 
14.89 
14.39 
13.95 
13.41 
13.08 
14.43 
14.06 
14.49 
13.83 
13.97 
15.40 
13.82 
14.63 
14.16 
13.23 
13.06 
12.36 


12.34 
10.03 
10.18 
10.51 
11.15 
10.91 


9.73 
8.66 


gram 
12.15 
11.03 
11.50 
13.80 
13.63 
12.49 
12.57 
12.26 
14.51 
13.29 
13.25 
14.28 
13.80 
15.17 
12.80 
14.12 
13.43 
11.90 
11.61 
11.96 


a 
—) 
|__ 
ow 
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0.82 


0 

0 

0.78 
0.78 
0.78 
0.81 
0.80 
0.81 
0.81 
0.82 
0.81 


H:0 


gram 


9.28 


14.83 
15.07 
11.86 
11.02 
10.63 


10.95 
10.01 
10.81 


oo onl 
t al 
bo oO 


~] @ 
" ~~) 
Qo or 


URINE N 


gram 
0.855 
0.890 
.890 


-_~ 
— 


.55 
.33 
.74 
74 
73- 
80 
11 
90 
O00 
93 
.92 
92 
92 
76 
76 


76 


lit enti etl eet ae a on SO 


73 
83 
.62 
.50 
.29 


iia i ee | 


.08 


o © 
~J © 
“I 


S 
ne 


gram 

5.17 
4.77 
4.99 
0.33 


1.50 


0.77 
0.73 
2.49 


to 
e 


NON PROTEIN 


gram 

4.92 
3.51 
3.98 
0.70 


0.65 
0.65 
2.08 
2.40 






NON-PROTEIN 
Ox 
gram 
5.48 


5.86 


4.08 
4.10 


12.56 


calories per hour, the total would be 528 calories in 24 hours. TT} 


TABLE I. 

















R. Q. Prote 
0.70 8.2 
0.79 6.3 
0.70 Q ] 
0.82 8.4: 
0.71 3.8: 


TABLE II, 


R. Q. 


0.76 
0.99 
0.91 


O44 
0.82 


0.80 





CA 
Protein | — . 
22.67 16. 3t 
23. 60 12.37 
23.60 13.75 
41.09 1.11 
41.09 0.38 
35.18 3.90 
46.13 7.51 
46.13 8. 36 
45.79 1.37 
47.72 7.32 
95. 99 13.87 
50.38 -10.36 
53.038 —12 85 
51.17 — 7.04 
50.90 10.93 
50.90 ~ §.84 
50.90 10.07 
46.72 & S85 
46.72 9.12 
46.72 10.36 
45.87 — 9.60 
49 84 13.02 
42 95 7.41 
39.77 10.45 
34.20 —~ 4.94 
39.77 9.12 
34.20 + 2.47 
28 65 2.22 
23 S80 2.20 
20.42 7.11 
16.97 8.06 










R. Q. 


gram 
8.32 
7.91 


4.18 
6.53 


19.26 





URINE 
N 


gram 


0.310 
0.238 


0.344 
0.318 


0.147 





12.26 





Oz R.Q 
gram 

5.43 0.70 
5.86 0.79 
4.08 0.70 
4.10 0.82 
12.56 0.71 








Protein P erat 
8.22 | 17.4 
6.31 | 19.6 
9.12 | 12.4: 
8.43 13.8: 
3.82 | 41.2 


lories per hour, the total would be 528 calories in 24 hours. The area of 
per square meter of surface. 


H:20 


gram 
9.71 
6.84 
6.80 
7.06 
9.91 
13.38 


95 
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TABLE II. 








| URINE N 


| 
i 
am 
| 


gram 


0.855 
0.890 
0.890 
1.55 
55 


Noe NR ee eR 
Qo 
i) 


.92 


| el ee el oe 


a a a 


0.77 
0.73 
2.49 
2.64 


NON PROTEIN 


Oz 


gram 


4.92 
3.51 
3.98 
0.70 


0.65 
0.65 
2.08 
2.40 


Protein 


R. Q. 


22.67 
23 . 60 
23 . 60 
41. 
41. 
35.18 
46.13 
46.13 
45.79 
47.72 
55. 99 
50.38 
53.03 
51.17 
50.90 
50. 
50. 


0.76 
0.99 
0.91 


90 


46.7: 
46.7: 


“J -J J 
to bho bo 


45 .87 
49 .84 
95 
39.77 
34.20 
39.77 
34.20 
28 .65 
23.80 
20.42 
16.97 


~I 


coco 
CO OC 
“Ito ~J 


S 


CALORIES 


Non- 


Protein | Total cal, 


16.36 
12.37 | 35.97 
13.75 | 37.35 


1.11 42.20 
0.38 41.70 
3.90 39.08 

— 7.51! 38.62 
-— $i 2:77 
— 4.37; 41.42 
— 7.32| 40.40 
—13.87 |} 42.12 
—10.36 40.02 
—12.85 40.67 
— 7.04| 44.13 
—10.93 | 39.97 
— 8.84) 42.06 
—10.07 40.83 
— 8.85 | 38.17 
— 9.12/| 37.60 
—10.36 | 35.90 
— 9.60 | 36.27 
—13.02 | 36.82 
— 7.41| 35.54 

| —10.45 | 29.32 
— 4.94! 29.26 

| — 9.12) 30.65 
| = 2.47| 31.78 
2.22 30.87 
2.20 26.00 
7.11 | 27.53 
8.06 25.03 





CALORIES | BODY TEMPERATURE | 
| 
. 














MORNING 
7 Sainte a | WEIGHT REMARKS 
Non- | Total Total | start End | Dif. — 


in | Protein | Cale. Found 


—0.09 | 13.74 Asleep. 
—0.04 | 13.50 Awake, some slight 


2 | 17.47 | 25.69 24.32 38.01 37 .90 
1 | 19.63 | 25.94 | 26.82 37 .94 37 .90 





| movements. 
2 12.42 | 21.54 22.78 | 37 .86 | 13.80 Asleep. 
3 13.85 | 22.28 | 21.97 | 38.14 | 37.99 | —0.15 15.78 Asleep. 
2 41.22 | 45.04 47.18 38:54 é 38.76 +0.22 13.909 Violent move- 


a ments. 


he area of the dog is 0.6958 square sai calculated from the hud 11.2 Vv 13.8%. The 

















LORIES BODY TEMPERATURE 
it ERC ES EN Gee SS nlite aie a pon C To BoDY DEXTROSE Oz CALC. Oz FOUND 
Total cale. Total Start End Dif. | IN Ke. | 
PRS asec: = w wea = ae 
| gram gram | gram gram 
6 | 39.03 37.38 | 38.14 | 38.69 | +0.55! 13.78 | 
7| 35.97 32.86 | 37.74 | 38.44 | 40.70/ 15.62 | 
5| 37.35 | 33.61 | 37.77 | 38.48 | +0.71!| 15.73 
1 42.20 38.01 | 37.98 | 38.38 | +0.40 15.30 
3/ 41.70 38.91 | 38.44 | 38.45 | 40.01) 15.62 0.04 0.10 | 12.99 | 13.63 
)} 39.08 37.92 | 37.80 | 38.47 | +0.67 
|| 38.62 32.57 | 38.32 | 38.70 | +0.38/ 13.85 0.79 2.00 | 12.48 | 12.57 
3 | 37.77 | 31.60 | 37.64 | 38.02 | +0.38 13.82 0.88 2.20 | 12.26 | 12.26 
7 41.42 | 41.36 | 37.58 | 38.07 | +0.49 13.78 0.46 1.01 | 13.48 | 14.43 
2 40.40 | 41.299 39.31 | 39.55 | 40.24 13.90 0.77 1.93 | 12.56 | 13.29 
7| 42.12 | 39.41 | 36.79 | 36.79 1.46 3.85 | 13.61 | 13.25 
;| 40.02 39.57 | 38.78 | 38.69 | —0.09 13.59 1.09 2.75 | 13.02 | 14.28 
5; 40.67 | 38.26 | 38.69 | 38.46 | —0.23 1.30 3.25 | 13.32 | 13.80 
|| 44.13 44.08 | 38.46 | 38.58 | 40.12 0.74 1.86 | 14.27 | 15.17* 
3| 39.97 41.32 38.48 | 38.58 | +0.10 15.62 1.15 2.88 | 13.05 , 12.80 
|| 42.06 41.16 38.58 | 38.51 | —0.07 0.93 2.33 | 13.66 | 14.12 
40.83 39.63 | 38.51 | 38.49  —0.02 1.06 2.65 | 13.30 | 13.43 
; 88:17 36.12 38.38 | 38.34 | -0.04 15.60 090 2.25 | 12.41 | 11.90 
| 37.60 | 36.27 | 38.34 | 38.34 | 0.96 2.40 | 12.25 | 11.61 
| 35.90 34.31 | 38.34 | 38.29 0.05 1.14 2.85 | 11.75 | 11.96 
)| 36.27 | 30.66 38.33 | 38.29 | —0.04 15.08 1.01 2.53 | 11.64 | 11.54 
| 36.82 35.86 38.27 | 38.28 40.01 15.84 1.37 3.42 | 12.13 | 11.34 
35.54 31.29 38.24 | 38.30 +0.06 | 0.78 1.95 | 11.54 | 11.53 
| 29.32 | 27.71 | 38.12 | 38.04 | -0.08 16.07 | 1.10 | 2.75 | 9.65 9.31 
| 29.26 28.99 | 38.04 | 38.13 | +0.07 0.52 | 1.30 | 9.47 9.51 
1} 30.65 | 29.80 38.12 | 38.02 —0.10 0.97 | 2.43 | 10.01 9.43 
| 31.73 | 31.44 | 38.02 | 38.15 | 40.13 0.26 | 0.65 | 10.18 | 10.13 
.| 30.87 | 29.21 | 38.15 | 38.12 | —0.03 
}/ 26.00 27.33 38.10 | 38.10 15.08 
27.53 27.98 38.10 | 38.08 | —0.02 
/ 25.038 | 24.34 38.08 | 38.01 -0.07 











| 
| 
| 
| 
| 
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EXPERIMENTAL PART. 





Experiments with Dog I determined the effect of giving 1200 
grams of meat and 700 grams of meat on alternate days at noon. 
This diet to which a little bone ash was added was maintained 
almost continuously from November 1, 1910 to May 1, 1911. 
The results with Dog II were obtained after giving 1000 grams of . 
meat. 







A. The effect of 1200 grams of meat ingested by Dog I. 






The basal metabolism was determined during the hour between : 
9.45 and 10.45 a.m. on the day following the ingestion of 700 grams 
of meat atnoon. Attempts made to obtain the metabolism of the 
dog between 10.45 and 11.45 were invariably frustrated on account 
of the activity of the dog previous to the regular meal time. The 
essentials are presented in Table I. The lowest metabolism was 
t 







found to be about 22.3 calories per hour although this might rise ' 
to 25 calories even in the sleeping dog. It is possible that these | 
differences in metabolism may have been due to variations in ' 

posture. Similar variations were also noted in Dog II. In Ex- 
periment 8, Dog I, when the metabolism was 26 calories per hour, 
the dog was quiet, awake, licked her paws and made some slight 
movements toward the end of the experiment. In Experiment 

2 there were violent movements and the heat production was 
double the minimal basal metabolism, rising to 45 calories. 

Twelve hundred grams of meat were given the dog at noon and 
the results of the various experiments are presented in detail in 
Table II. In order to bring out some of the more essential points, 
Table III has been constructed. 

Consideration of this table suggests one point which must be 
further examined. To what extent is the nitrogen elimination 
during the period of an hour representative of the protein metab- 
olism of the hour? Protein consists of a variety of amino-acids 
and it should cause no surprise if some of these were oxidized more 
readily than others. Besides this, there is certainly some reten- 
tion of urea, as was shown by Hohlweg and Meyer" who noted a 
rise of urea in the blood from 0.038 per cent in fasting to 0.057 
per cent seven hours after meat ingestion in the dog. Also, poly- 
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16 Hohlweg and Meyer: Hofmeister’s Beitrdge, xi, p. 397. 
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peptid or amino-acid nitrogen may be retained in the organism 
if amino-acids be ingested. This was shown by Liithje"’ for glyco- 
coll and asparagine, by Murlin’* for glycocoll and by C. G. L. Wolf?® 
for alanine. The newer work of Folin?® describes the retention of 
non-protein nitrogen which is not urea nitrogen in the muscle cells 
of a cat after glycocoll has been given per os, the blood vessels to 
the kidneys having been previously tied off. The non-protein 
nitrogen also rose in the blood during the first hour after the inges- 
tion of glycocoll. 

It is also known from the experiments of Rubner*! on the dog, 
that the sulphur of protein is more readily eliminated than the 
nitrogen belonging to it. This is confirmed by the experiments of 
Wolf” as regards meat ingestion in man, being evident when veal 
cutlets were given but not evident when casein (plasmon) was 
administered. In the dog, however, Wolf found that the elimina- 
tion of the two elements ran parallel. Since the N:S ratio in meat 
is 16:1, one would expect to find this ratio in the urine, or one a 
little higher, since some sulphur is present in the feces and some in 
the intestinal gas. The following experiments confirm Rubner’s 
statement of an earlier elimination of sulphur than of nitrogen 
(see Table IV). It may be estimated that 22 per cent more sul- 
phur was eliminated during the first six hours after the ingestion 
of 1000 grams of meat than corresponded to the nitrogen excreted 
during this period. This table also shows'that by far the greater 
part of the urinary nitrogen eliminated during the early hours after 
meat ingestion consists in urea + NH; nitrogen which is indicative 
of protein metabolism and not the elimination of nitrogen derived 
from the extractives. 

In relation to the intermediary metabolism of protein it may be 
recalled that Reilly, Nolan and Lusk® found that after giving 
meat to phlorhizinized dogs the sugar formed from protein invari- 
ably appeared in the urine of the first few hours in greater amount 
than did the nitrogen of the protein from which it originated. 


17 Liithje: Congress fiir innere Medizin, 1906, p. 44. 

18 Murlin: Amer. Journ. of Physiol., xxii, p. 250, 1907. 

‘9 Wolf: Biochem. Zeitschr., xl, p. 193, 1912; xli, p. 111. 

20 Folin and Denis: this Journal, xi, p. 87, 1912. 

21 Rubner: Die Gesetze des Energieverbrauchs, 1902, p. 368. 

22 Wolf: loc. cit. 

23 Reilly, Nolan and Lusk: Amer. Journ. of Physiol., i, p. 395, 1898. 
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Notwithstanding these complicated factors, the use of the ordi- 
nary methods of calculation sufficed to bring the average results 
for twenty-one hours so that the heat measured by the calorimeter 
was only 2.7 per cent less than that obtained by the indirect calcu- 
lation. 

The results would have agreed still closer, within 2 per cent, 
had it been possible to obtain agreements during the second and 
third hours after meat ingestion between the direct and the indi- 
rect method of determining the heat production. Reference to 
Table II will show that here the method entirely broke down. 
Various explanations of this phenomenon are possible. At first 
it seemed that perhaps in the early metabolism of protein, com- 
pounds were broken up which required more oxygen, vielded more 
carbonic acid and evolved less heat than the protein molecule in 
its entirety would have done. Also it seemed that protein itself 
might be oxidized in larger quantity than the nitrogen eliminated 
during the hour indicated. While this may in a measure be true, 
yet the respiratory quotients of 87 and 84 (see Table II) obtained 
during this second hour after meat ingestion indicate the combus- 
tion of the body’s store of carbohydrates, the respiratory quotients 
for the non-protein part of the metabolism being respectively 99 
and 91. Were the total heat production due to protein metabo- 
lized, the R. Q. would be 0.80 and if the calories of the protein 
metabolism exceeded the heat output of the body, and sugar from 
protein were retained by the organism, the R. Q. would fall below 
0.80 as indeed happens in the third and subsequent hours after 
meat ingestion. Reilly, Nolan and Lusk* found after giving 870 
grams of meat to a phlorhizinized dog weighing 35 kgms. that 2.69 
grams of ‘extra sugar’ (sugar not attributable to the nitrogen of 
the period) were eliminated during the first two hours after the 
meal. This ‘‘extra sugar’ corresponds to an amount of protein 
metabolism represented by 0.8 gram of nitrogen. If in the dog 
used in the present experiment the conditions of protein metabo- 
lism were the same as in the diabetic dog, there would have been a 
retention of 0.8 gram of nitrogen from metabolized protein within 
the organism during the first two hours. If the retention were 
equally divided between the two hours, then the protein metab- 


*4 Reilly, Nolan and Lusk: loc. cit. 
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olism of the second hour would be represented by an elimination 
of 1.29 grams N instead of 0.89 gram actually eliminated. 

The possibility of this picture being representative of what 
occurs is not denied, but there are reasons for believing that it may 
be an exaggerated picture. In the first place, the high respira- 
tory quotient which is found only in the second hour does not sup- 
port it. In the second place, the metabolism of ingested protein 
in diabetes may be much more rapid than in health. Thus, the 
retention of amino-acids in the organism noted by Liithje and Mur- 
lin was effected when much carbohydrate was given in the food 
but Ringer and Lusk* noted no such retention when the amino- 
acids were given in phlorhizin glycosuria. 

The validity of the method of computation used, as well as 
the significance of the respiratory quotients as a means of interpre- 
tation, is indicated by comparing the results obtained during the 
second hour and during the fourteenth hour. In both hours, the 
carbonic acid elimination and the oxygen intake were nearly the 
same, whereas the nitrogen elimination in the fourteenth hour was 
double that of the second hour. This is shown in the following 
table: 


CALORIES 


URINE N CO: | O2 R. Q. 
| Found =§ Calculated 
Second hour..... | 0.89 13.13 | 11.03 0.87 | 32.86 35.97 


Fourteenth hour| 1.88 12.65 | 


11.34 0.81 36 .82 35.86 


It is evident that recalculation of the second hour on the basis 
of the high protein metabolism of the fourteenth would not reveal 
the three calories apparently lost during the second hour. 

A clearer insight into this problem resulted from suggestions 
made by Dr. Hans Aron during a visit to thislaboratory. It 
had been noted that the great deficit in calories found was coin- 
cident with a considerable rise of body temperature. The ques- 
tion was, whether this rise in body temperature was evenly dis- 
tributed throughout the animal, in which case the temperature as 
measured by the rectal thermometer would be a true index to the 
amount of heat retained in the dog, or whether there was an un- 


* Ringer and Lusk: Zeitschr. f. physiol. Chem., \xvi, p. 106, 1911. 
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equal heating of different regions of the body which was not to 
be determined by an observation made in one locality only. To 
decide this question, four electrical resistance thermometers were 
placed in the groins and axillae of the dog and the rise in skin 
temperature was compared with that of the rectum when the 
dog was lying at complete rest in the calorimeter. It was found 
that, whereas no variation between the skin and rectal tempera- 
tures occurred during fasting, after giving meat the temperature 
of the skin rose far more than that of the rectum, and also, if car- 
bohydrate were given, the skin temperature might rise while the 
rectal temperature remained stationary. 

These results are shown in Table V. 

It appears from this table that the increase in body temperature 
following the ingestion of food is not truly indicated by the rectal 
thermometer. After giving 1200 grams of meat, the skin tempera- 
ture rose 0.42° and 0.32° more than the temperature in the rectum 
rose, and after giving 100 grams of dextrose, the rectal tempera- 
ture fell 0.02° while the skin temperature rose 0.46°, a difference 
of 0.48°. 

Henriques and Hansen” cite experiments showing the tempera- 
ture of a pig at different levels under the skin. The size of the 
animal and the outside temperature unfortunately are not given. 
The results were as follows: 











RSS ESSER SG IMEE ECR ar eee 
se oe og ws ban hue apie 34.8° 
Coenen cee ope ba waesani 37 .0° 
EE GS Seat A eS Ea Le a 39.0° 
ey er ea Seen) cae 05 ci ctead eee’, 





Also, it has been known since the experiments of Claude Bernard?’ 
that the temperature of the liver increases after food ingestion. 
In one instance in a fasting dog, the temperature of the hepatic 
vein was found to be 38.4° while in another dog after the ingestion 
of food, the temperature reached 41.3° in the same locality. The 
increased heat production within the organism is accompanied by 
a greater distribution of warm blood to the surface of the organism 





26 Henriques and Hansen: Skand. Archiv f. Physiol., xi, p. 161, 1900. 
27 Claude Bernard: Legons de physiologie opératoire, Paris, 1879. 
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TABLE V. 


Comparison of body temperatures in the dog recorded by electrical resistance 
thermometers in the rectum and in four places (both axillas and both groins) 


on the skin, the room temperature being 26°. 


at noon. 


DATE 


1911 
May 17 
May 18 


May 19 
Mav 20 


May 21 
May 22 


May 23 
May 24 


in order to eliminate this heat. 
were not able to obtain these results in man. 


FOOD TIME 
p.m. 
Ordinary diet 
1200 gm. meat 12.45 
1.45 
2.45 
Fasting 
1200 gm. meat 12.45 
1.45 
2.45 
3.45 
Ordinary diet 
100gm.dextrose 12.45 
1.45 
2.45 
Ordinary diet 
lasting | 12.45 
1.45 
2.45 


Rectal 


38.14 
38 .43 
38.44 


37 .46 
38 .35 
38 . 56 
38.70 


38.08 
37 .99 
38 .06 


38 . 26 
38 . 20 
38 .02 


TEMPERATURES 


Increase 


+0. 


+0. 


+0. 


+0. 
+0. 
+0. 


+1.% 


—0 
+() 


—(). 


—0. 
—0. 


—0.% 


As) 


~e 


30 


89 


21 
14 


09 
07 


02 


Surface 


36. 
36. 
37. 


35. 
36. 
37. 
37. 


37. 
37. 
37. 


37 
37 


36. 


61 
89 
34 


74 


36 
49 


.02 
.00 
SO 


= BS 


The foods given were ingested 


Increase 


+0. 


+0. 4: 


+0.7: 


+1. 
+0. 
+0. 


+1 


+0. 
+0. 


+0. 


12 
22 
23 


ot 


32 


14 


46 


—(0.02 


—().: 


—Q. 2. 


Benedict and Emmes,”* however, 
Very likely the sweat 


glands maintain the skin temperature of the man at a lower rela- 


tive temperature than in the dog under similar circumstances. 


2s Benedict and Emmes: Amer. Journ. of Physiol., xxx, p. 197, 1912. 
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If one calculates the heat of metabolism retained in the body 
from the change in the skin temperature instead of from the change 
in rectal temperature, there would be an increased heat retention 
in the organism of 4.93 calories (14.7 kgms. X0.42° x 0.8) or of 3.78 
calories (14.7 kgms. X,0.32° x 0.8) during the second and third hours 
following meat ingestion. What fraction of this can be employed 
in recalculations in the dog obviously cannot be stated. All that 
can be said is that this phenomenon partly or wholly explains 
why the direct and indirect calorimetry almost constantly fail to 
agree in the dog immediately after the ingestion of food. 

It is thus evident that much of the apparent discrepancy between 
the ‘‘heat produced” and the ‘‘heat calculated’”’ in the dog during the 
second and third hours after the ingestion of meat is due to the con- 
siderable warming of the surface of the body which is much greater 
than that recorded by the rectal thermometer and therefore does not enter 
into the computation of heat production. 

Observations during the later hours failed to reveal these calories 
as given off to the calorimeter. This can probably be explained 
by the fact that the dog remained in a well-lighted, moderately 
cool room until the specified time for the preliminary period within 
the calorimeter and therefore could lose calories from his skin more 
readily than he could resting quietly in the chamber of the appara- 
tus at a temperature of 26° to 27°. It is to be believed that if the 
animal could have remained in the calorimeter for twenty-two 
hours, the whole of the heat would have been recovered. 

The dogs were placed in the calorimeter immediately after 
catheterization, the experiment began forty-five minutes or one 
hour after catheterization, and lasted three or four hours. Longer 
periods could not be attempted on account of the collection of 
urine and the restlessness of the dog. 


a. The retention of protein carbon in the form of dextrose. 


To the many recorded proofs of the origin of sugar from protein, 
first demonstrated by Claude Bernard, has finally been added that 
of Pfliiger,?® who has shown that if a fasting dog be given phlorhizin 
and twenty-four hours thereafter be killed, the liver contains but 
0.1 per cent of glycogen, whereas if the dog in this condition be 


29 Pfliiger and Junkersdorf: Pfliiger’s Archiv, exxxi, p. 201, 1910. 
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given codfish in large quantity, the glycogen content of the liver 
may rise to 10 per cent in a few hours. 

Scheurer *° gave between 900 and 1500 grams of meat to a dog 
and determined the metabolism by the Zuntz method between 
three and four hours after meat ingestion. , He concluded from 
the respiratory quotient that carbon was retained from protein in 
the form of carbohydrate. 

In the work on Dog I new confirmation of the conversion of a 
portion of the protein molecule into dextrose is afforded in the oxy- 
gen absorption during the various periods after the ingestion of 
meat. The facts are set forth in the last two columns of Table 
II, in Table III and especially in Table VI. 


TABLE VI. 


Table contrasting the actual oxygen intake with that required by theory if the 
carbon retention had been in the form of glycogen or of fat. Calculation 
according to consecutive periods run. 


CALORIES Cc O2 Oz 
— _ | RETAINED Oz (C RE- (C RE- 
(CALC. AS ACTUAL TAINED AS TAINED AS 


Found § Calculated DEXTROSE) DEXTROSE) FAT) 
| ; 





p.m. | 
1.45—- 2.45 38 .92 | 41.70 0.10 13.63 12.99 12.95 
2.45- 3.45 40.40) 41.29 1.93 13.29 12.56 11.73 
3.45- 6.45 121.91} 124.82, 7.86 43.25* 40.61 37.23 
6.45- 9.45 122.11 | 122.86 7.86 40.35 40.01 36.63 
9 .45-12.45 106.70 | 111.67 7.50 35 . 47 36.41 33.19 

12.45- 1.45 35.86 | 36.82 3.42 11.34 12.13 10.66 
1.45- 2.45 27.71 | 29.32; 2.75 9.31 9.65 8.47 
2.45- 4.45 64.24 | 62.36 3.08 19.56 20.19 18.87 


557.85 | 570.84 34.50 186.20 184.55 169.73 


Dif. = 2.3 per cent Dif. = 0.9percent Dif. = 10% 


34.5 grams dextrose : 28.3 grams N ::1.2:1 
* Small leak in the apparatus during this period, determined the day following to amount 
to about 1 gram Oz per hour. 


The respiratory quotients (see Tables III and Chart I) fall dur- 
ing the hours of carbon retention to below that of protein itself 
(which is 0.80) because the unoxidized carbohydrate is retained 


30 Scheurer: Pfliger’s Archiv, ex, p. 227, 1905. 
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in the organism as glycogen. If the carbon were retained in the 
organism as fat, the respiratory quotient would rise. If one con- 
siders the period between the hours of 6.45 to 9.45 p.m., one 
obtains the following picture of what occurs. 


















Calories found = 122.11; calories calculated = 122.86. C retained, cal- . 
culated as dextrose = 7.86 grams. Oxygen absorbed = 40.35 grams (R.Q. t 
= 0.77). Oxygen, calculated on the basis of the nitrogen elimination and 
the assumption that the protein carbon retained in the body was in the form 1 
of dextrose,= 40.01 grams (R.Q. = 0.77). Assuming that the carbon was 
retained in the form of fat, oxygen calculated = 36.63 grams (R.Q. = 0.85). § 










It is obvious from these figures that the oxygen absorption proves 
the retention of carbon in the form of dextrose or glycogen in the organ- 
ism. During the fourteen hours of carbon retention following the 
ingestion of 1200 grams of meat, the actual oxygen absorption 
was 186.2 grams against a value of 184.5, calculated on the assump- | 
tion that carbon was stored as glycogen or a difference of 0.9 per 
cent. Ifthe carbon had been retained as fat, 169.7 grams of oxy- 
gen would have been required or 10 per cent less. _ 4 

During these fourteen hours 34.5 grams of dextrose were stored i) 
as glycogen in the organism and 28.3 grams of N were eliminated i 
in the urine. This yields a D:N ratio of 1.2:1. Since 3.6 is the ) 
maximum yield of dextrose per gram of N in diabetic urine, it is 
evident that one-third of the dextrose derivable from protein in 
metabolism was retained in the organism and deposited in the liver 
and other glycogen reservoirs. This represents 20 per cent of the 
total energy contained in the protein metabolized. 

The production of dextrose from protein is not an emergency 
process as some writers maintain, but it is a normal function. 

















b. The so-called ‘‘ Specific Dynamic Action.” 








The nitrogen in the urine after the ingestion of 1200 grams of 
meat rapidly rises to a maximum which is reached about the 
fourth hour and then maintains a nearly even level of elimination ) 
during a period of about ten hours, after which it slowly falls. i. 
This is shown graphically in Chart I which has been prepared 
from the data given in Table III. 

The heat production is essentially proportional to the nitrogen 
elimination in the urine. The maximum specific dynamic action 
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appears to occur in the second and third hours. The intensity 
of the specific dynamic action is obtained by subtracting the heat 
of the protein metabolized during the period before meat ingestion 
from that of the hours thereafter and calculating what relation 
these extra calories of protein metabolism bear to the total increase 
in heat production for the hour. 
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CHART 1 SHOWING THE R.Q., THE TOTAL METABOLISM DETERMINED BY 
INDIRECT (HEAVY BLACK LINE) AND DIRECT (BROKEN LINE) CALORIMETRY 
AS WELL AS THE NITROGEN ELIMINATION (DOTTED LINE) DURING HOURLY 
PERIODS AFTER THE INGESTION OF 1200 GRAMS OF MEAT. 


For the whole period the average increase in metabolism for 
every 100 calories of extra protein oxidized is 45 calories. (If 
the basal metabolism be assumed to be 25 calories instead of 23.3 
then the specific dynamic action of 100 calories of protein is repre- 
sented by 38 additional calories of heat production.) 
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If the figures obtained were calculated after the fashion of Rub- 
ner, the results for the whole period would be similar to those 
obtained by him. That is, the ingestion of meat containing 900 
calories in protein caused an increase in metabolism of 270 calories 
during a period of twenty hours, or the ingestion of 100 calories 
caused an increase of 30 calories in heat production. 

The specific dynamic action of protein during the second and 
third hours after meat ingestion is greater than it is during the 
other periods. During the second hour it is represented by 90, 
and during the third hour by 60. That is to say, the heat produc- 
tion rises almost to its maximum during the second hour even 
though the increase in protein metabolism as indicated by the 
nitrogen elimination has reached only a third its height. Various 
explanations occur. It might be due to *‘ Darmarbeit”’ in the sense 
of Zuntz, but this is improbable because the same high metabolism 
is maintained in the fourteenth hour after taking food when three- 
quarters of the nitrogen of the ingested protein has been elimi- 
nated in the urine and the work of the intestinal canal must be 
largely completed. It might be due to the fact already discussed 
of a lag in the nitrogen excretion, which is contradicted by the 
respiratory quotients obtained. 

That the factor of ‘‘Darmarbeit”’ is not important is shown by 
the work of Benedict and Emmes*' who have demonstrated that 
cathartics and agar agar given to man have no effect on metabolism. 

There are three conceivable explanations of the increased heat 
production caused by meat ingestion. 

1. The large quantity of varying amino-acids entering the organ- 
ism furnish multifarious compounds readily oxidizable by the 
cells in the sense of Voit. 

2. They furnish compounds, some of which are used for cell 
dynamics, while others yield free heat to the body in the sense of 
Rubner. 

3. They are at first retained unoxidized in the organism as shown 
by Liithje, Murlin, Wolf and Folin, and in combination or in 
contact with the protoplasm of the cells act as stimuli to increased 
oxidation. 

On this last hypothesis, after giving meat, the resulting inrush 
of amino-acids would bring about a direct stimulus to the cells, 
causing an increased heat production. This would explain the 


*t Benedict and Emmes: Amer. Journ. of Physiol., xxx, p. 197, 1912. 
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DATE TIME 
1910 "Ff p.m 
Dec. 9 | 12.45-1.45 

1911 | 
Mar.17 | 12.45-1.45 
Apr. 28 12.45-1.45 
Apr. 30 | 12-45-1.45 
Apr. 31 1.45-2.45 
1910 | 
Dec. 14 | 1.45-2.45 
Dee. 6 | 2.45-3.45t 
Dec. 9 2.45-3 .45 
Dee. 15 2.45-3.45 
Dec. 15 3.45-4.45 
Dec. 17 4.45-5.45 
545-6. 45 
6.45-7.45 


* Calculated on the basis that the non-protein CO: was derived from fat (1 gram fat C = 12.3 calories). 


t Dog violent. 
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EXP. 


NO. 


6 


CO: 


grams 


11 


11 


12. 
11. 


12. 


11 
21 


12. 


11 
11 
11 
11 
1] 


.32 


.21 
13 
27 


83 


.69 
OF 
12 
43 
.23 
.23 
.08 


73 


Oz 


grams 


9.66 


10.92 
10.23 

9.88 
11.28 


lost 

17.44 
12.05 
11.60 
11.80 
10.86 
11.70 
12.11 


TIME 


a.m. 


9.45-10.45 


p.m. 


12.45- 1.45 
1.45— 2.45 
2.45- 3.45 
3.45- 4.45 
4.45- 5.45 
5.45- 6.45 
6.45- 7.45 





TABLE VII. 
700 grams meat at noon. 


NON-PROTEIN CAL 
R.Q. H:0 uRINE N |- Sn ener meena eee ree 
CO Or R.Q Protein | _Non- 
: nail Protein 
grams grams grams grams 


0.85 7.50 0.59 | 5.77 4.67 0.90 15.37 | 16.46 





0.75 | 4.25 | 0.89 | 3.17 | 3.38 | 0.68 | 23.65 | 9.50 
0.86 | 5.93 | 0.84 | 4.25 | 3.13 | 0.94 | 22.27 | 11.03 
0.83 | 10.02 | 0.94 | 2.46 | 2.10 | 0.85 | 2619 | 7.15 
0.82 | 12.22 | 1.28 | 0.86 | 0.46 | 1.367| 33.93 | 1.62 
| 

9.09 | 0.81 4.07 21.52 | *13.65 
0.89 | 25.83 | 0.97 | 12.23 | 9.21 | 0.97 | 25.82 | 32.29 
0.75 | 9.20 | 0.97 | 8.01 | 3.82 | 0.57?| 25.82 | 10.10 
0.72 | 9.31 | 0.97 | 232 | 8.37 | 0.577) 25.82 |. 8.12 
0.69 | 9.07 | 1.52 40.30 — 8.08 
0.75 1.55 41.16  — 8.65 
0.69 1.54 | 40.72 — 8.65 
0.70 1.25 33.03 — 0.10 


TABLE VIII. 
Hourly metabolism in the dog after the ingestion of 700 grams 


CALORIES 


— C TO BODY Oz (CALC.) C 
"0. R. Q. CALC.AS QO» ACTUAL C as 
mer Found Calculated Dif. DEXTROSE DES TROSE 
gram gram gram 
25 | 21.97 22.28; —0.31| 0.80 | 6.79 | 
3 30.75 31,83 —1.08 0.85 9 66 
4 34.34 35.18 —0.84 
3 33.29 33.90 | —0.61 0.75 12.05 | 
5 38.76; 32.22) +1.54 2.13 11.80 | 10.51 
6 33.53 | 32.51) +1.02 0.75 2.28 10.86 | 10.61 | 
6 33.45 32.07 | +1.38 0.69 | 2.28 11.70 10.61 | 
6 33.21 | 32.93 | +0.28, 0.70 | 0.02 | 12.12 | 11.51 | 
Se | Was . | 


254.30 | 252.92. 


Dif. = 0.5 per cent 


+1.38 | 
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t noon. 


CALORIES BODY TEMPERATURE 
sePay Warr LLIN re Mone veNT ore —-| MORNING | Gro popy | PEXTROBE | O,carc, 0; FOUND 
| _Non- | Total Total Start End Dif 
| Protein Cale. Found | * . 
kg. gram grams grams grams 


16.46 | 31.81 | 30.75 | 38.28 | 38.53 40.21, 14.24 





9.59 | 33.24 | 32.97 | 38.86 | 39.20 | +0.34 ° 14.03 
11.03 | 33.30 | 28.65 | 37.62 | 37.90 +40.28 16.07 
7.15 | 33,34 | 28.56 | 37.37 | 37.89 | +0.28 


1.62 | 35.55 | 34.57 





*13.65 35.18 34.34 | 38.28 38.48  +0.20 13.80 
32.29 58.11 55.34 38 .47 38.59 | +0.12| 13.92 
*10.10 35.92 33.90 38 . 46 38.52 | +0.06, 14.24 





*8.12 33.94 35.00 38.48 38.58 | +0.10) 13.4 
— 8.08 32.22 33.76 38.58 38.72 | —0.14 13.4 0.85 2.13 10.51 11.80 
— 8.65 32.55 35.53 38.54 38. 64 +0.10 13.5 0.91 2.28 10.61 10.86 
— 8.65 32.07 33.49 38 . 64 38.72 | +0.08 13.5 0.91 2.28 10.61 11.70 
— 0.10 32.93 33.21 38.72 38.70 | —0.02 13.5 0.01 0.02 11.51 12.11 
I. 
700 grams of meat (21 grams N) at noon. 
" : . | Every 100 
Os fee? Oz (cate.) | Nn N avenn | cavonine | unease. abOvR oo iee aga 
erence C as FAT URINE 12.45 —— prep ong CREASES METAB. 
gram gram gram gram 
0.318 | 
0.519 0.52 6.94 9.55 139 
0.812 1.33 13.09 13.83 106 
0.974 | 2.30 16.89 11.62 | 69 
10.51 9.59 1.520 | 3.82 31.87 9.94 | 31 
10.61 | 9.62 1.55 5.37 32.73 10.25 | 31) 
10.61 | 9.62 1.536 6.91 32.29 9.79 33 > 34 
11.51 | 1.246 | 7.15 24.60. 10.65 43 |} 


158.41 75.63 48 
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374 Metabolism after Meat Ingestion 


The intensity of the metabolism must be due either to the intensity 

of the intermediary processes. of protein metabolism itself or, more 

. probably, to the degree of mass action of amino-acids acting as stimuli 
upon the cellular protoplasm.” 


, ti 
bt ia C. The results of the ingestion of 1000 grams of meat in Dog II. 


Table IX presents the results of the ingestion of meat compared 
with the early morning minimum. When 1000 grams of meat were 
given, 500 grams having been ingested the day before, the metabo- 
lism rose at once from the basal level of 16.2 to 29.6 calories, an 
increase of 13.4 calories or 83 per cent. This increase of 83 per 
cent exactly corresponds to that in Dog I after giving 1200 grams 
of meat. However,.the nitrogen in the urine was not eliminated as 
freely asin Dog I. That the upper limit of absorption in Dog II 
was reached after administering 1000 grams of meat was evi- 
denced by occasional partial vomiting of the food, which was, how- 
ever, afterwards eaten. The dog was not absolutely quiet in this 
experiment, making a single movement (perhaps raising the head?) 
every two to four minutes. Attention need only be called to the 
usual discrepancy between calories found and calories calculated 
during the second and third hours following food ingestion. 

The character of the hourly nitrogen metabolism in this dog 
after giving meat has already been indicated in Table IV and to 
that the following data may be added. 


Nie ee ee 
Sept at Sa 


gor 8 he ci Fi as 3, 
we A ae es 























TABLE X. 
DATE TIME TOTAL N | Brag teal FOOD 

~ ‘ ae 1912 ¥ : die grams 

a May1 | 12.00-4.08 | | 3.348 | 0.810 | 1000 grams meat at noon. 

F Fl | 5.00-6.00 | 1.235 1.235 

| fi May2 | | 500 grams meat at noon. 

au May 3 | 12.00-1.00 | 0.376 1000 grams meat at noon. 
| ¥ — -1.00-2.00 | 0.716 — 
| 4 2.00-3 .00 0.895 
tS , | 3.00-7.08 | 5.040 | 1.218 


a *2 This paper was completed before the publication of Folin and Denis 
a (this Journal, xii, p. 141, 1912) in which was stated, ‘‘If such is the case, 
} each tissue maintains a certain supply of each amino-acid, and the urea 
i formation from any particular amino-acid, depends, so to speak, on the 
: ‘partial pressure’ of that particular acid.”’ 
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, IV. SUMMARY. 


1. A dog weighing 13.5 kgms., the heat production of which’was 
22.3 calories during an hour previous to food ingestion, was given 
1200 grams of meat atnoon. The heat production rose to 36 calo- 
ries in the second hour and 42 in the third. It was maintained 
above 40 calories per hour through the tenth hour. In the four- 


teenth hour, it had fallen to 37 calories and then remained at 30° 


calories up to the eighteenth hour, falling rapidly to 25 calories in 
the twenty-first hour. 

2. Ingestion of 700 grams of meat by the same dog caused an 
increase in metabolism which was less than that caused by 1200 
grams, but in the two cases the increase was proportionate to the 
quantity ingested. 

3. The increased metabolism was proportional to the nitrogen 
elimination, except in the second and third hours. In the second 
hour the metabolism rose almost to its maximum although the 
urinary nitrogen reached only a third of its maximum. Since the 
non-protein respiratory quotient for this period was often above 
90, it appears that carbohydrate and not additional protein was 
oxidized during this hour. On this is based the argument that the 
incoming amino-acids, in proportion to their mass action, stimulate 
the protoplasm to higher oxidation. 

4. After giving 1200grams of meat the hourly heat production as 
directly measured by the calorimeter essentially corresponded to 
that as calculated indirectly from the urinary nitrogen, the car- 
bonic acid output and oxygen intake, except in the cases of the 
second and third hours. 

5. The reason that the calculated heat production does not 
always agree with that actually found during the second and third 
hours is largely due to the fact that the rectal temperature of the 
dog does not give a measure of the temperature increase of the 
whole dog. This was shown by the fact that the skin temperature 
rises to a greater extent than the rectal temperature after the inges- 
tion of food. 

6. During fourteen hours after giving 1200 grams of meat, car- 
bon derived from protein metabolism was retained in the organism. 
This carbon was retained as dextrose because calculations based on 
this assumption showed that the actual quantity of oxygen ab- 
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sorbed agreed within 0.9 per cent of that required, whereas, if 
carbon had been retained in the form of fat, 10 per cent less oxygen 
would have been required. The dextrose retained in relation to 
nitrogen eliminated manifested the relation, D:N = 1.2:1. 

7. After giving 1200 grams of meat it may be calculated for 
the whole period that for every 100 calories of protein oxidized 


_ above that oxidized during the morning hour before food ingestion, 


there may be an additional heat production in the animal amount- 
ing to 45 calories. 

8. Intestinal work (Darmarbeit) appears to have little to do 
with the increased heat production because a high metabolism is 
maintained in the fourteenth hour after food ingestion even though 
three-quarters of the nitrogen of the protein administered has been 
eliminated in the urine and the work of the intestinal canal must 
have been largely completed. 


APPENDIX. 


Showing urinary analyses. ‘Residual’ N is the estimated 
quantity for a fraction of an hour. 











HOUR 


9 .00-12.00. 


per hour 


12.00-12.45... 


12.45-1.45.. 
Residual.... 


Estimated.... 


Actual.... 


1.45-2.45 
Residual.... 
Estimated. . 
Actual.... 


2.45-3.45 


Residual..... 
Estimated..... 


Actual.... 


3.45-4.45 
Residual.... 
Estimated 
Actual...... 


4.45-5.45 
Residual.... 


Kstimated..... 


Actual.... 


5.45-6.45 


6.45-7.45...... 
Residual....... 
Estimated.... 
Ea 


24 hours...... 


NOV. 28 DEc. 5 


0.081 


0.815 


1.025 


DEC. 6 
EXP. 2 


0.142 


0.190 


0.591 


0.812 


0.974 
0.248 
2.810 
2.5209 
at 


4.00 p.m. 


17.61 


DEC. 8 


0.147 


0.127 


0.629 


0.812 


0.922 


17.44 


} 


} 


DEC. 9 
EXP. 3 


0.163 


0.190 


0.591 


0.812 


0.974 
0.178 
2.746 
2.713 
at | 
3.56 p.m.' 


DEc. 12 


EXP. 4 EXP. 5 
| 0.236 | 
aes 

0.132 | 

0.591 

0.812 | 0.818 

| 

0.974 | 0.974 

} 
| 

1.620 | 1.620 

1.140 | 

5.067 

4.63 

at 
5.00 p.m. 

| 1.660 
| 1.168 
| 6.024 
| 4.918 
at 

6.00 p.m. 


| 
| 
| 





TABLE XI. 
Urinary N after giving 700 grams of meat at noon. Calculated values in itali 





pec. 14 | pec. 15 


| pec. 16 | 
oo 
4 
1.520 
1.552 
1.536 
1.246 
8 
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I. 
es in italics, actual valuesin roman. 9.00 a.m. to 7.45 p.m. 





: | | 
pEC. 16 | pent | | pac. 33 =? = | MAR. 13 = 20 apa. 31 EXP. 28 EXP. 31 
| | 0.238 0.300 0.345 ! 
| | 0.182 | 0.397 | 0.397 | 0.397 0.465 0.400 | 0.465 
0.756 0.892 | 0.892 0.892 | 0.942 0.840 | 0.942 
9.546 | 
1.434 | 
1.529 
at 
2.25 p.m. 
1.278 1.273 | 1.878 | 1.283 | 1.180 | 1.983 
0.295 | 0.9657 
2.716 | 2.947 
2.776 | 2.656 
at | at 
3.00 p.m.|2.55 p.m. 
1.402 1.402 | 1.402 | 
0.367 
4.331 | | 
4.493 — 4.329 | | 
at at | 
4.00 p.m.! 4.00 p.m. 
} 
1.520 | 
1.140 | | 


1.536 1.536 


1.246 1.246 
0.933 
6.407 | 
5.91 | 
at 
8.00 p.m.) 





at Ingestion. 








| 


HOUR JAN. 14 JAN. 16 JAN. 18 


9.00-12.00..... 
per hour 


12.00-12.45.... 0.252 


12.45-1.45..... 0.855 
Residual....... 
Estimated..... 
See 
1.45-2.45. 1.357 
Residual....... 
Estimated...... 
re 


1.548 


2.45-3.45......; 1 
Residual....... 
Estimated..... 
|” Ree 


. 929 


3.45.45 5.861 1.859 
at 


4.45 pm 


2.119 


Residual....... 
Estimated 
Actual.... 


4.45-5.45...... 
Residual....... 
Estimated..... 
Actual......... 


1.883 1.865 


1.883 
Residual....... 
Estimated..... 
ST ies 0 «5s 


6.45-7.45...... 
Residual....... 
EKstimated..... 
Asteel......: 


2.000 


7.45-8.45..... 
Residual...... 

Estimated 
aR 


1.825 


JAN. 20 


| 0.245 


0.252 


0.856 


1.357 


2.464 


2.423 
at 


12.45 p.m. 


Urinary N per hour after giving 1200 grams 


JAN. 24 JAN. 26 
0.294 0.276 
0.252 0.252 
0.855 | 0.856 
1.357 1.3857 
1.727 
0.863 _ 
8.327 
3.180 
at 
3.15 p.m 
__0.320 
4.611 
3.77 
at 
3.55 p.m. 


| 


| 








JAN. 28 JAN. 30 FEB. 3 
0.262 | 0.378 
0.856 1.144 0.874 
| 
1.867 | 1.790 | 1.742 
1.727 2.112 1.90 
2.112 1.90 
0.320 
4.611 | 
4.846 
at 
3.55 p.m. 
2.00 
_ 0.834 — 
5.058 
5.058 
at 
5.08 p.m. 
1.93 
9.84 
8.07 
8.129 
at 


TABLE XII. 


of meat at noon. Calculated values in ite 





6.55 p.m. 


| 
| 
| 
| 
| 
| 
| 


FEB. 5 


1.884 


1.991 


1.927 


| FEB. 7 





0.378 


0.870 


1.740 


1.80 


| 0.45 
| § . 238 
| 4.93 
at 
4 p.m. - 
26.53 
| to noo 
31.4 
jin 24 hr 
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alues in italics, actual valuesin roman. 9.00 a.m. to 8.45 p.m. 




















} ae inne nie Se [ Skies 20a? | | 
| FEB.7 | FEB.9 MAR. 14 | mar. 18 | MarR. 31 | apr.il | apr. 13 | apr. 15 | apR.17 | marl 
A MOREE ORR: Ha Aes Sones Sa ERE ie | Tiree. BS 
0.344 (0.344 | | 0.463 | 0.472| 0.318 | 
ae = | 
| 0.378 | 0.38 0.178 | 0.38 | 0.28 | 0.28 0.28 | | 0.28 | 0.178 
| | | | 
| | : | 
0.870 | 0.87 | 0.886 | 0.87 | 0.89 | 0.89 | 0.89 | 1.20 0.89 | 0.886 
| | | | 
| 
| | 
| | 
1.740 | 1.7% | 1.827 | 1.78 -| 1.66 | 1.66 1.65 | 1.81 | 1.397 
| | | 1.84 
| | | 2.51 
| | 2.413 
| : at 
| | | 2.37 p.m.| 
| | | | et | 
| 1.80 | 1.625 | 1.80 1.80 | | 
| 0.45 — | a ey ae | 0.45 | | | 0.87 
| 3.44 | | 3.49 | 4.68 | 3.17 | 2.66 
| 3.44 | 3.397 | 5.27 3.07 | | 2.567 
a a aa mee / at 2.55 
| 3.00 p.m. 3.09 p.m.) 3.00 p.m.) pm. + 
| | | | | | 27.23 
| | | to noon 
| | = 29.80 
| in 24 hrs. 
ieee | 
0.46 | 0.45 | 
| 6.238 | 6.24 | | 
4.93 | 5.075 | | 
at at 
4 p.m. + 4.00 p.m. 
26.53 | | 
| to noon | 
|= 31.46 | 
‘in 24 hrs. 
2.024 
} | - 
| 
| 2.024 
1.44 
1.871 1.92 
| 
1.838 1.92 
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GUANINEHEXOSIDE OBTAINED ON HYDROLYSIS OF 
THYMUS NUCLEIC ACID. 


By P. A. LEVENE anp W. A. JACOBS. 
(From the Rockefeller Institute for Medical Research, New York.) 


(Received for publication, July 19, 1912.) 


It has been established by the writers that in the plant nucleic 
acids, in the guanylic acid and in inosinic acid the purine is linked 
to the sugar in a glycosidic union. The direct proof was presented 
by the isolation of the pentosides corresponding to the purines: 
adenosine, guanosine, hypoxanthosine (inosine), uridine and 
cytidine. The assumption was made that in the thymo-nucleic 
acid the purine bases had the same mode of linking as in the other 
acids. Direct proof, however, was missing. Schittenhelm, Lon- 
don and Wiener! have thought that they obtained guanosine on 
digestion of thymo-nucleic acid by ‘intestinal juice. The sub- 
stance isolated by them gave the orcin test and had the appear- 
ance of guanosine. However, thymo-nucleic acid contains no 
pentose and therefore cannot yield guanosine (guanine riboside). 
Undoubtedly the nucleic acid employed by them was contaminated 
with guanylic acid. This consideration does not vitiate in any way 
the conclusion of those writers concerning the mechanism of nucle- 
olysis, but leaves the problem of the structure of the thymo- 
nucleic acid where it was previous to their publication. 

Following the discovery of the nucleosides contained in the ino- 
sinic, guanylic and nucleic acids of plant origin, repeated attempts 
were made to obtain the nucleosides composing the thymus nucleic 
acid. All methods employed successfully on the other occasion 
led to no results in the experiments with thymus nucleic acid. 
Also a great many modifications of the old methods resulted in 
complete failure. Hence it was concluded to resort to enzymes. 


1 Zeitschr. f. physiol. Chem., |xvii, p. 459. 
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After considerable search, an enzyme was seleeted which permitted 
the isolation of one of the nucleosides entering into the structure 
of the molecule of the complex nucleic acid of animal origin. The 
substance obtained is guaninehexoside. It was semicrystalline, 
soluble in hot alcohol and separated from this solution on cooling. 
The substance has the composition C,,;H;;N;O,. It did not reduce 
Fehling’s solution and with silver nitrate formed a precipitate 
only when the solution was neutral.. The silver compound imme- 
diately dissolved in a minimal excess of ammonia water. It did 
not give the orcin test on direct boiling with hydrochloric acid 
but gave the test with hydrochloric acid containing some copper. 
After hydrolysis the substance, on boiling with Fehling’s solution, 
formed a voluminous white precipitate of cuprous guanine com- 
pound. From the products of hydrolysis were obtained an osazone 
melting at 198°C. and guanine sulphate. 


EXPERIMENTAL PART. 


The reaction mixture of nucleic acid and enzyme was made 
alkaline with ammonia and to the mixture 98 per cent alcohol was 
added as long as a precipitate formed. This was removed by 
filtration, and the mother liquor concentrated to dryness under 
diminished pressure. This was again dissolved in water, the solu- 
tion rendered alkaline with an excess of ammonia and the treat- 
ment with alcohol repeated. The final filtrate was again concen- 
trated to dryness under diminished pressure. The residue was 
taken up in water and the nucleotides still present in the solution 
removed by means of a solution of basic lead acetate. The pre- 
cipitate thus formed was removed by filtration and to the filtrate 
ammonia and more lead acetate solution added as long as a pre- 
cipitate formed. The last precipitate was filtered and washed 
carefully with cold water. It was finally suspended in water and 
decomposed by means of hydrogen sulphide. The filtrate from 
lead sulphide was rendered slightly alkaline by means of ammonia 
and evaporated under diminished pressure to a thick syrup. (It 
is very important not to omit this step, since the purine hexosides 
are easily decomposed even by acetic acid.) On cooling, the syrup 
is transformed into a gelatinous mass resembling crude guanosine. 
The substance was then filtered on a suction flask over silk and 
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then dissolved in hot alcohol, filtered and allowed to cool. A 
sediment was formed on cooling, composed of rosettes resembling 
impure leucine. 

The analysis of this substance gave the following data: 


0.1120 gram of the substance gave 0.1746 gram of CO, and 0.0538 gram 
of HO. 

0.1500 gram of the substance employed for a Kjeldahl nitrogen estima- 
tion required for neutralization 23.5 cc. of #5 sulphuric acid. 


Calculated for sd 
CuHisNsOs: Found: 


42.50 
5.34 
21.93 


For hydrolysis about 0.200 gram of the substance was dissolved 
in 2 per cent sulphuric acid and heated on a water bath with return 
condenser for half an hour. The base was removed with silver 
oxide. Silver purine was filtered and decomposed with hydro- 
chloric acid. The filtrate from the silver chloride was allowed to 
stand in the refrigerator and a sediment of guanine hydrochloride 
formed. The hydrochloride was transformed into the free base 
by means of ammonia and this again transformed into the sulphate. 

The filtrate from the silver purine was freed from silver and 
the free sulphuric acid neutralized with sodium acetate. The 
clear solution served for the preparation of the phenylosazone. 
For purification it was recrystallized out of water containing very 
little pyridine. The osazone had the melting point of 198°C. 





2 See Ri ect exec ‘ 








ON CEREBRONIC ACID. 
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Cerebronic acid was first discovered by Thudichum,! who errone- 
ously considered it an isomer of stearic acid and named it neuro- 
stearic acid. It was the merit of Thierfelder to correct the view 
of the first discoverer and to demonstrate that the substance was 
an oxyacid of the composition C2sHs003 and not CygH3g02. In 
justice to Thudichum it must be stated that his analytical data 
agreed sufficiently with the figures required by the new formula 
for the substance. There is, however, a considerable disagreement 
in the data of the two observers in regard to the melting point 
of their substances, Thudichum recording the melting point at 84— 
85°C. and Thierfelder? at 98-99°. On the basis of this there was 
still open the possibility that the two substances had a different 
structure. Hence it was urgent to establish the relationship of 
the two substances. 

Concerning the structure of cerebronic acid, it was established 
by Thierfelder that it contained one hydroxyl group; and it was 
also made very probable by him that the molecule contained 
twenty-five carbon atoms. It is well known that the percentage 
composition of carbon and hydrogen in the higher fatty acids 
does not furnish sufficient information regarding the number of 
carbon atoms in the molecule. With a greater degree of proba- 
bility this can be established on the basis of the ‘acid value’’ 
of the substance. 

Regarding the place of the hydroxyl group and regarding the 
character of the linking between the carbon atoms the work of 
















‘ Thudichum: Die chemische Konstitution des Gehirns, Tiibingen, 1901, 
pp. 194, 195. 
2 Zeitschr. f. physiol. Chem., xliii, p. 21, 1904. 
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Thierfelder offered no information. The work of this author also 
failed to take cognizance of the optical activity of the substance. 

The results of the present investigation led to the conclusion 
that cerebronic acid ¢s the normal a-hydroxypentacosanic acid. 
In the hydrolysis mixture it occurs in the form of two isomers: 


the optically active dextrorotatory form of [a] = + 4.16° and 


the optically inactive form. The active substance melts at a 
point somewhat higher than given by Thierfelder,’ being 106-— 
108°C., the inactive at 82-85°C. Thus, apparently, Thudichum 
had in his hand the optically inactive substance, while Thier- 
felder’s was undoubtedly a mixture of the two. It is possible, 
of course, that a substance with still higher rotatory power may 
be obtained. 

The place of the hydroxyl group was established by the fact 
that on oxidation with alkaline permanganate solution the cere- 
bronic acid gave rise to an acid of the composition Co4H4sOz. 

The normal character of the carbon chain was made probable 
by the transformation of cerebronic acid into a hydrocarbon that 
melted between 54—-57°C. According to Kraft* and Marie® the 
three nearest hydrocarbons have the following melting points: 
CosH,50, 51°C. ; CosH52, 53.5°-54.0°C. ; CogHss, 58°C. 

Thus it seems very probable that the hydrocarbon obtained 
from cerebronic acid had the composition Co.35Hs2.. This assump- 
tion is further substantiated by the fact that the acid value for 
the pure cerebronic acid corresponded to molecular weight value 
of Cos H5 00s. 

The optically active substance was separated from the inactive 
by fractional precipitation with lithium acetate. 


EXPERIMENTAL PART. 
Preparation of cerebronic acid. 


The acid was obtained from cerebrine. Fifty grams of the 
cerebroside were taken up in 1500 cc. of methyl] alcohol containing 
70 grams of sulphuric acid to each 1000 cc. The mixture was 


3 Zeitschr. f. physiol. Chem., xliii, p. 21, 1904. 
4 Ber. d. deutsch. chem. Gesellsch., xv, p. 1711, 1882. 
5 Bull. de la soc. chim., xv, p. 567, 1898. 
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heated with return condenser in a water bath for six hours and 
the separated acid and ester allowed to cool at 0°C. They were 
then filtered on suction over silk and boiled with an excess of 
alcoholic soda in a water bath with return condenser for about 
four hours. The mixture was then again allowed to cool and the 
soaps filtered off. These were dissolved in glacial acetic acid 
containing enough hydrochloric acid to combine with the base of 
the soap. The solution was then poured into a large volume of 
distilled water from which the free acid separated. It was then 
filtered and dissolved in boiling alcohol, from which it separated 
on cooling. 











Purification of the crude cerebronic acid. 






Several processes were used for this purpose, but none of them 
can as yet be recommended as final. Considerable effort was 
lost in an attempt to obtain an acid with a very sharp melting 
point. It was found that the acid melting at a higher temperature 
was less soluble in ether, petrolic ether (boiling at 60°C.) and 
ligroin (boiling at 80°C.). The purification was therefore accom- 
plished by repeated recrystallizations of the substance from one 
of the three solvents as long as the melting point was rising. The 
final substance obtained in that manner had a melting point of 
102°C., which, however, was not very sharp. This substance 
was further purified by fractionating it out of a methyl alcoholic 
solution with an alcoholic solution of lithium acetate. In this 
instance the acid obtained from the top fraction had a fairly sharp 
melting point at 106-108°C. The substance obtained from the 
lower fraction had a melting point of 82-84°C. 

















Ultimate analysis of the two acids. 





Not less than twenty different samples of different melting 
points were analyzed. They all agreed well with the theory and 
here will be given only three of them, the first melting at 106- 
108°C., the second at 95°C. and the third at 82-84°C. 


(1) 0.1224 gram of the substance gave 0.3388 gram CO, and 0.1360 gram H.O. 
(2) 0.1206 gram of the substance gave 0.3342 gram CO, and 0.1356 gram H.O. 
(3) 0.1194 gram of the substance gave 0.3292 gram CO, and 0.1350 gram H:0. 









Calculated for Found: 
C2sHs00s: 1 ee 3 
i icp Siadockcdcude<tiuh 75.33 75.42 75.40 75.60 






ichtdabs uc titenes ptetetes 12.50 12.43 12.65 12.57 
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Optical activity of the acids. 


Since the acids had the same percentage composition and differed 
in their melting points it was natural to look for the cause of it 
in possible stereoisomerism, since the acid contains a hydroxyl 
group in the molecule. As was stated already, the substance 
with the highest melting point had also the highest optical activity. 


0.2190 gram of cerebronic acid (M.P. = 106°C.) dissolved in 5.0 cc. of 
pyridine. Total weight = 5.0126 grams; showed a rotation of + 0.35° in 
pure yellow light and in a 2 dm. tube at 20°C. 


[aj = + 4.01° (+ 0.00%) 


0.2229 gram of the same substance fractionated once more by means of 
lithium acetate was dissolved in 5 cc. of pyridine. Total weight = 5.0960 
grams. Rotated in 2 dm. tube and in pure yellow light 0.37° to the right. 


[al” = + 4.16° (+ 0.01°) 


0.2667 gram of cerebronic acid melting at 92°C. was dissolved in 5 cc. 
of pyridine. Total weight = 5.0763 grams. Rotation in 2 dm. tube in 
pure yellow light = + 0.10°. 


[al = + 0.965° (+ 0.00°) 


0.2000 gram of cerebronic acid, melting at 82-84°C., dissolved in pyridine. 
Total weight = 5.0578 grams. Proved inactive. 


Molecular weight estimation. 


The molecular weight was determined by titration with an } 
solution of sodium hydrate. The acid was dissolved in a mixture 
of benzol and pure methyl alcohol. It is not alWays an easy 
matter to obtain the acid of sufficient purity for the purpose. 
The easiest way of obtaining the substance is by way of the lead 
salt. 


(1) 1.4394 grams of the acid dissolved in benzol + methyl alcohol. 
Titrated with } alkali. Phenolphthalein used as indicator. Result calcu- 
lated to 7s value = 36.00 cc. ' 

(2) 1.5896 grams of cerebronic acid treated in the same manner as the 
previous required 47.25 cc. of 7y alkali. 

(3) 1.3073 grams cerebronic acid treated as above required 32.2 cc. of 
tp alkali. 

(4) 2.2440 grams cerebronic acid treated as above required 57.5 cc. of 
ty alkali. 
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(5) 1.5000 grams cerebronic acid required for titration 37.8 cc. of 75 
alkali. 


Calculated for 
CosHs0Os: 1 2 4 5 


— 
| ; 398.0 399.0 397 .0 406 .0 396.8 397 .0 


Determination of the place of the hydroxyl group in the cerebronic acid. 


This was determined by oxidation of cerebronic acid by an 
alkaline solution of potassium permanganate.’ Numerous experi- 
ments were performed, the conditions of oxidation remaining 
unchanged. They were the following: 

Nine grams of analytically pure cerebronic acid were suspended 
in 300 cc. of water containing 3 grams of potassium hydrate and 
heated until the acid formed a gelatinous soap. This was then 
added to a hot solution of potassium permanganate, made up of 
1 liter of water and 4.5 grams of potassium permanganate. The 
heating was continued until the color of permanganate changed 
to a brownish tint. The boiling was then discontinued and the 
mixture decolorized by means of sodium bisulphite. The insolu- 
ble soaps generally collected on the surface of the fiuid. 

The subsequent treatment differed in individual experiments. 
In some the soaps were immediately transformed into the free 
acids, and this fractionated by means of ether and of ligroin. In 
other experiments it was attempted to first separate the salts 
on the basis of the differences of their solubility in alcohol. 

The most convenient procedure is the following: Separate the 
sodium salts into two fractions, one soluble in hot alcohol, the 
other insoluble. The latter fraction consists principally of un- 
changed cerebronic acid. The hot alcoholic solution of soaps 
is allowed to cool until the soaps separate out. These are filtered 
and converted into the free acids. In this fraction the acid 
C2gHys02 predominates. Its purification is based on the property 
of its lithium salt to remain insoluble in boiling methyl alcohol. 
The lithium salt is converted into the free acid. For final purifi- 
cation it was transformed into the lead salt and this again recon- 
verted into the free acid. 


6 Edmed: Journ. Chem. Soc., \xxiii, pp. 627-634, 1898. 
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Analysis of the acid CoH Or. 


(1) 0.1220 gram of the acid gave 0.3492 gram CO, and 0.1382 gram H.0O. 
(2) 0.1238 gram of another sample gave 0.3568 gram CO: and 0.1300 gram 
aie gram of the second sample gave 0.3550 gram CO» and 0.1428 gram 
cee 0.1214 gram of a third sample gave 0.3504 gram CO, and 0.1400 gram 
ge gram of the third sample gave 0.3480 gram CO, and 0.1400 gram 
Taal 0.1212 gram of the substance gave 0.3470 gram CO, and 0.1446 gram 


Calculated for Found: 
CosHasO2: 1 4 


2 3 
78.20 78.10 (a)78.45 (a)78.70 78.40 
(b)78.75 (b)78.40 
13.16 12.69 (a)12.72 (a)12.91 13.40 
(b)12.99 (b)12.92 


Analysis of the sodium salt of the new acid. 
0.1636 gram of the sodium salt gave 0.0300 gram Na»SO,; Na = 5.94 per 


Caleulated for 
CuHwO2Na: Found: 


5.94 
Molecular weight estimation of the new acid. 


0.9500 gram of the acid dissolved in benzol and methyl alcohol and 
titrated with % alkali; figures given in 7) alkali. Required, 26.5 cc. of 
N . 
zo alkali. 

0.9578 gram of the same substance required for neutralization 25.75 
ce. of 7y alkali. 


Calculated for Found: 
CosHasOr: I II 
368 .0 375.0 371.0 


Melting point of the new acid. 


The melting point of the new acid was at 81-82°C. Of the two known 
acids having the composition C2«HisO2 one, lignoceric, melts at 80.5°C. 
and the other, carnaubic, melts at 72.5°. It is possible that the substance 
is identical with lignoceric acid. 


Reduction of cerebronic acid with hydroiodic acid. 


The object of the first experiment under the conditions to be 
here described was ‘to reduce the hydroxyl group and thus to 
obtain an acid of the composition C2;Hs002. Unexpectedly a sub- 
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stance was obtained containing considerable phosphorus, but the 
organic radicle of the substance possessed the composition of a 
hydrocarbon. The experiments were all repeated under identical 
conditions. It is possible that the yield might have been improved 
by following the directions of Kraft’ for the reduction of fatty 
acids to the corresponding hydrocarbons, but the simplicity of 
this process was very attractive. 

Lots of 2 grams of the acid with 10 cc. of hydroiodie acid, of 
specific gravity 1.96, and 0.5 gram of red phosphorus were heated 
in sealed tubes at 125°C. for four hours. The tubes were 
then opened, the hydroiodiec acid diluted with an equal volume of 
water, again sealed and heated at 110—-115°C. for about three 
hours. The product of reaction had a white solid appearance. 
It was washed with water, dissolved in hot alcohol and allowed to 
cool. The substance solidified and was filtered. The substance 
was again dissolved in alcohol, a few drops of phenolphthalein 
added and rendered alkaline by means of an alcoholic solution 
of sodium hydrate. The solution was evaporated to dryness. 
The dry mass was transferred to a flask and distilled at about 
0.5 mm. pressure. The distillate was purified by redissolving in 
hot alcohol and allowing the solution to cool. The substance 
was then filtered and freed from adhering alcohol by melting. 

Many samples were analyzed. The analysis of two will be 
reported here. 


0.1300 gram of the substance gave 0.4092 gram of CO, and 0.1673 gram 
of H.O. 4 
0.1041 gram of the substance gave 0.3277 gram of CO» and 0.1337 gram of 


Calculated for Found: 
CosHee: I ll 


85.10 85.30 85.70 
14.90 14.31 . 14.37 


The melting point of the hydrocarbon. 


The melting point of one sample of the hydrocarbon was 53- 
56°C., of another, 54-57°C. Kraft determined the melting point 
of the normal tetracosan at 51.1°, of heptacosan 59.5°C., and 
Marie found for pentacosan 53.5-54°C. Perhaps if we had suffi- 


7 Ber. d. deutsch. chem. Gesellsch., xv, p. 1687, 1882. 
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cient material for a second distillation of the paraffin the melting 
point might have come down to that of Marie. On the other 
hand, the difference in the melting points of normal, tri- and 
tetracosan is 3.4°C., and according to this the melting point for 
pentacosan may be expected to be 54.5°C., against 53-56°C. 
found for our substance. 
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Under the general name of cerebrosides have been described a 
number of individual substances designated by special names and 
apparently possessing distinct chemical and physical properties. 
The exact relationship of the substances one to another has not 
been fully established. ‘The subject has been treated in a critica) 
way in several exhaustive articles written by men as competent 
as Frankel,! Leathes,? Bang? and Cramer.‘ One is surprised to 
find that the views of these writers are in disagreement on some of 
the fundamental points regarding the relationship of different 
cerebrosides. The better known substances of this group are 
phrenosine and kerasine of Thudichum ;’ cerebrine, homocerebrine 
and encephaline. The first two of the latter three were studied by 
Parcus® and by Kossel and Freytag.’ Finally to the same group 
belong cerebron of Thierfelder and pseudocerebrine of Gamgee. 
Bang, the most skeptical of the writers, believes in the existence 
of only two cerebrosides: phrenosine and kerasine. Cramer and 
Leathes are inclined to distinguish between cerebrine and cerebron, 
and admit the individuality of kerasine and of homocerebrine. 
The latter two substances they consider identical. Also Frankel 
is inclined to regard cerebrine, cerebron, pseudocerebrine and phren- 





















1 Ergeb. d. Physiol., viii, p. 212, 1909. 
2 The Fats, Longman, Green and Co., 1910. 

8’ Chemie und Biochemie der Lipoide, Wiesbaden, 1911. 
4 Bioehemisches Handlezxicon, iii, p. 225, 1911. 

5 Die chemische Konstitution des Gehirns, 1901. 

6 Journ. f. prakt. Chem., xxiv, p. 310, 1881. 

7 Zeitschr. f. physiol. Chem., xvii, p. 431, 1893. 
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osine as one substance. On the basis of personal experience this 
view was also defended by Gies and Posner.$ 

However, it must be remarked that the views of most of the 
writers are not supported by indisputable experimental proof. 
The hypotheses are mostly a matter of personal preference, and 
most writers express them with great caution. The difficulty in 
codrdinating the data on the different cerebrosides is largely due 
to the fact that the investigations have been carried out by differ- 
ent workers at very distant intervals and no one worker attempted 
to coérdinate his results with those of his predecessors. It was 
realized that three principal cerebrosides must be closely related 
one to another, but it was not clear wherein the point of distinc- 
tion was contained. 

It was the aim of the investigation, here to be presented, to 
search for these. 

As there existed complete accord regarding the identity of the 
base and of the carbohydrate entering into the composition of phren- 
osine, cerebrine, cerebron and kerasine, their point of distinction 
has to be looked for in the fatty acids that helped to make up their 
molecules. In reality the data regarding the melting points and 
the percentage composition of the fatty acids present striking 
differences. Hence our attention was directed to the study of the 
fatty acids of the mixed cerebrosides as obtained by the process of 
Parcus. At first it seemed as though an acid could be isolated that 
was richer in carbon than cerebronic acid and which had a very 
low melting point. But on purification of that substance it always 
showed the composition of cerebronic acid, although it always 
possessed a low melting point. It was then discovered that the 
acid with the low melting point was the optically inactive cere- 
bronie acid. Thus no evidence was obtained in favor of the view 
that another acid than cerebronic acid was present among the de- 
composition products of the mixed cerebrosides. If it was present 
its quantity undoubtedly was very small. Hence, the cerebrosides 
referred to in this publication seem to be identical from the stand- 
point of the character of their components. 

Another fact supporting the view of the chemical identity of the 
cerebrosides was found in the following: 


* This Journal, i, p. 59, 1905. 
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The mixed cerebrosides were fractionated first according to 
Parcus on the basis of the difference in their solubility in alcohol. 
Each fraction was then recrystallized from glacial acetic acid. 
Under this condition from cerebrine and from kerasine substances 
were obtained that possessed the same composition and the same 
melting point as cerebron and hence, could be both regarded as 
cerebrine or cerebron. In the glacial acetic acid mother liquor there 
remained a small quantity of substance that was extremely solu- 
ble in glacial acetic acid and in alcohol at room temperature. The 
proportion of this substance was very small and as yet has not been 
further studied. However, the fact was made clear that the major 
part of cerebrine and of kerasine was composed of the substance 
having the composition of cerebron. And yet, when entirely free 
from impurities, the different fractions differed in their solubility 
in aleohol and in their physical appearance as they settled out of 
alcohol. The differences were the same as described by Parcus for 
cerebrine and homocerebrine. 

The similarity of cerebrine, cerebron, and kerasine is also sup- 
ported by the bromine estimation made by Kossel and Freytag. 
There is only one double bond in the molecule of cerebron, which 
could lead to the formation of a dibrom derivative, and not a 
tribrom body as assumed by Kossel and Freytag. The theory for 
a dibrom cerebron requires 16.22 per cent of bromine, whereas 
Kossel and Freytag found 16.60 and 16.30 per cent for cerebrine 
and 16.90 and 17.25 per cent for kerasine. 

It is also noteworthy that in all the three cerebrosides the pri- 
mary amino group of the. sphingosine is substituted, as none of 
them, treated with nitrous acid in the apparatus of Van Slyke, 
gives rise to nitrogen gas. 

A difference appeared only when the optical activity of the 
substance was studied. It was found generally that the substances 
obtained from the cerebrine fraction were dextrorotatory, while 
those obtained from the kerasine fraction were generally optically 
inactive, and once a sample was obtained from the kerasine fraction 
that was strongly levorotatory. Furthermore, by means of a 
mixture of pyridine and alcohol it was found possible to fractionate 
the dextrorotatory substance into a fraction practically inactive 
and into another with a dextrorotation higher than that of the 
original substance. 
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Since the three cerebrosides are distinguished principally by 
differences in solubility and since there is no evidence to the effect 
that they are composed of different elements, one may feel justified 
in advancing the hypothesis that the three cerebrosides are all 
mixtures of stereoisomeric substances. The difference in the 
solubility of the various substances may be determined by the 
proportion of the optically active and inactive substances. It 
would perhaps be simpler to abandon most of the nomenclature 
and to refer to cerebrosides as d-cerebrine, l-cerebrine and dl- 
cerebrine. Of course, it still is necessary to discover a method by 
which a separation could be accomplished conveniently. Cerebrine, 
cerebron and phrenosine correspond to d-cerebrine; kerasine and 
homocerebrine to dl-cerebrine. Of course the possibility is not 
excluded that the lipoids of the brain contain cerebrosides of an 
entirely different order. 


EXPERIMENTAL PART. 


Preparation of cerebrosides. 


Part of the cerebrosides were prepared following the directions 
of Parcus, the other part by a slight modification of the process. 
The details were the following: Brains freed from the membranes 
were passed through a hashing machine and suspended in a barium 
hydrate solution. The mixture was brought to a boil and the 
solid brain tissue separated from the liquid by filtering through 
cheese cloth. The residue was then suspended in 95 per cent 
alcohol and the mixture was brought to a boil inapercolator. The 
alcohol was then removed and the extraction continued with 95 
per cent alcohol containing 5 per cent of ammonia water. The 
extraction was continued as long as the alcohol gave a precipitate 
on cooling. The combined alcoholic extracts were placed in a 
refrigerator at -—1°C. A sediment formed on standing. This was 
again dissolved in 95 per cent alcohol and again placed in the re- 
frigerator. The precipitate of mixed cerebrosides thus formed was 
then extracted by means of absolute alcohol in a water bath at 
65°C. The alcoholic filtrate was placed in a thermostat and there 
allowed to cool. The precipitate thus formed was considered as 
cerebrine in the sense of Parcus. In the early phases of the work 
the mother liquors from cerebrine were allowed. to stand at room 
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temperature over night, which gave rise to anintermediate fraction; 
the mother liquor from this was placed in the refrigerator, and the 
precipitate there formed was regarded as homocerebrine or kera- 
sine. Later the intermediate stage was omitted and the mother 
liquor from cerebrine placed immediately in the refrigerator. The 
traces of ash still present were removed according to the directions 
of Parcus. 


Proportion of the three fractions in the mixed cerebrosides. 


About 35 grams of the mixed cerebrosides dissolved in absolute 
alcohol were allowed to stand in the thermostat room over night; 
the precipitate, thus formed, filtered and dried in a vacuum desic- 
cator, weighed 16.5 grams or 47.4 per cent. From the mother 
liquor of this at room temperature separated out 4 grams or 11.4 
per cent of the second fraction, and finally, from the second 
mother liquor separated in the refrigerator at —1°, 14.2 grams 
of the third precipitate or 40.6 per cent of the total cerebrosides. 


Precipitate I = 47.4 per cent of total. 
Precipitate II = 11.4 per cent of total. 
Precipitate III = 40.6 per cent of total. 


Purification of the fractions. 


a. By means of glacial acetic acid. It was then found that every 
one of these fractions could be fractionated by means of glacial 
acetic acid into two fractions, the soluble and insoluble. The 
soluble fractions were freed from the acid by distillation under 
diminished pressure. The residue was redissolved in hot alcohol 
and on cooling gave a precipitate; this again could be fractionated 
by means of glacial acetic acid, so that finally the greatest part of 
the cerebrosides could be crystallized out of glacial acetic acid. 

b. By means of a mixture of one part of pyridine to one part of 
alcohol (98 per cent). The precipitate obtained from the glacial 
acetic acid can be fractionated by this mixture. One part of the 
substance was dissolved in thirty parts of the mixture and allowed 
to stand over night at room temperature. The filtrate on cooling 
in an ice and alcohol mixture formed a second precipitate which was 
filtered off. The mother liquor from the second precipitate, evap- 
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orated to dryness at diminished pressure and recrystallized out of 
alcohol, gave a very small third precipitate. The fractionation by 
means of this solution was very sharp with the substance obtained 
from the cerebrine fraction. When the substance obtained from 
kerasine was dissolved in the pyridine mixture the physical appear- 
ance of the two fractions was not very different one from the 
other, and the precipitate filtered with difficulty. 


Analysis of the substances obtained from the various fractions. 


Cerebrine out of alcohol. 


(la) 0.1359 gram of the substance gave 0.3442 gram of CO2 and 0.1388 
gram H,O. 

(1b) 0.1304 gram of the substance gave 0.3324 gram of CO, and 0.1326 
gram H,0O. 

(la) 0.1920 gram of the cerebrine out of alcohol was employed for a 
Kjeldahl nitrogen estimation. It required for neutralization 2.5 cc. of 75 
acid. N = 1.9 per cent. ; 

(1b) 0.2154 gram of cerebrine out of alcohol employed for a Kjeldahl 
nitrogen estimation required for neutralization 2.6 cc. of 4 acid. N = 1.69 
per cent. 


Cerebrine out of glacial acetic acid. 


(2a) 0.1210 gram of the substance gave 0.3092 gram of CO, and0.1188 
gram H,0. 

(2b) 0.1180 gram of the substance gave 0.2986 gram of CO, and 0.1152 
gram H,0. 


Kerasine out of alcohol. 


(1) 0.1198 gram gave on combustion 0.3078 gram of CO, and 0.1258 gram 
of H.O. 

(1) 0.1524 gram of the same substance employed for Kjeldahl nitrogen 
estimation required for neutralization 1.7 cc. of 4) acid; N = 1.60 per cent. 


Kerasine out of glacial acetic acid. 


(2a) 0.1132 gram of the substance gave on combustion 0.2872 gram CO; 
and 0.1168 gram H,0. 

(2b) 0.1102 gram of the substance gave on combustion 0.2836 gram CO, 
and 0.1188 gram H,O. 
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per cent per cent per cent 

Calculated for cerebron, C.gsHg;NOz,.... 69.65 11.24 1.70 

ME. is Secvosa hs 69.10 11.43 1.90 

Wiseid Sith éietiilin: POD 62 andy halgnk 69.51 11.37 1.69 
bee ee 69.60 10.96 
Ris Sc owe tees 69 .00 10.92 

iil dedicate [Tae eee esos, 69.90 11.75 1.60 
(homocerebrine) Sines tihelcckawi 69.20 is 
Cee res 70.08 12.06 









The melting points of the various cerebrosides. 


Regarding the melting points of the cerebrosides the records 
of individual investigators show marked variations. The lowest 
value found by Parcus and by Kossel and Freytag for kerasine was 
155-156°C., and the highest was recorded by Wérner and Thier- 
felder for cerebron, at 209-212°C. The melting points of our 
substances also varied, depending on the degree of purification of 
the substances. The cerebrosides crystallized out of alcohol and, 
still containing some ash, showed decomposition rather than melt- 
ing at the temperature of about 200°C. Substances carefully 
purified and, particularly, those purified by recrystallization out 
of glacial acetic acid possessed a very sharp melting point of 195°C. 
On fractionation out of the pyridine mixture two fractions were 
obtained: a more insoluble, melting at 210°C., and a less insoluble, 
melting at 195-198°C. The character of melting, described by 
Worner and Thierfelder for their cerebron, leads us to the belief 
that the sample in their possession undoubtedly consisted of a 
mixture of the isomers. 


Optical rotation of the various fractions. 


Two samples were employed for the determination of the optical 
activity of the cerebrosides: one of the cerebrine and one of the 
kerasine (homocerebrine) fractions. They had been recrystallized 
from glacial acetic acid, and the analytical data from them have 
been reported in this communication. They had a sharp melting 
point, first liquefying and then decomposing at 195°C. In macro- 
scopic appearance the first substance had the character of a fine 
granular powder, the other that of a solid waxy mass. 
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The optical rotation of the fractions was the following: 








Cerebrine. 





0.5295 gram of the substance was dissolved in 5 cc. of pyridine. Total 
weight = 5.3249 grams and rotation at t = 25°C. and in pure yellow light 
in 1 dm. tube was 0.10° (+ 0.00) to the right. 


[a] = + 1.01° 
























Kerasine. 





0.8175 gram of the substance was dissolved in 8 cc. of pyridine. Total 
weight = 8.3755 grams. There was no optical activity detectible in a 1 dm. 
tube and in pure yeilow light. 











Rotation of the substances fractionated by a pyridine alcohol mixture. 


Five grams of each of the tested substances were dissolved in 30 cc. of 
warm pyridine to which 120 cc. of 98 per cent alcohol had been added. The 
solution was allowed to stand at room temperature (25°C.) over night, then 
filtered on suction, washed with ether and dried. The mother liquor was 
chilled in an alcohol ice mixture and filtered at low temperature. The 
rotations of the fractions were the following. 


Cerebrine. 


First fraction: 0.5090 gram of the substance dissolved in about 10 cc. 
of pyridine. Total weight = 9.4852 grams. Rotation at 25°C. in pure 
yellow light and in 2 dm. tube = + 0.20°. 


[a] = + 1.88° (= 0.00°) 


Out of 5 grams of the original substance about 2.5 grams of this first frac- 
tion and about 0.5 gram of a second fraction separated on cooling. The 
second fraction was inactive. The mother liquor from the second fraction 
gave a residue very soluble in alcohol. This was not tested further. 


Kerasine. 


Originally inactive. The first fraction, or the one insoluble at room tem- 
perature, was optically tested. 0.4988 gram of the substance was dissolved 
in 10 ce. of pyridine. Total weight = 9.4282 grams. Rotation in 2 dm. 
tube, at room temperature of 25°C., and in pure yellow light = + 0.05° 
(+ 0.00). 


[a]? = + 0.47° (+ 0.00°) 


The second fraction from the same sample was inactive. 
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The values of the specific rotation of all these substances were 
lower than those reported by Thierfelder for cerebron, hence one 
is led to the conclusion that they consisted of mixtures of isomers. 






Hydrolysis of cerebrine for the purpose of estimating the proportion 
of galactose. 






EXPERIMENT 1. Twenty grams of cerebrine were taken up in 
500 ec. of alcohol containing 50 grams of sulphuric acid and boiled 
in a water bath with return condenser for six hours. * Preliminary 
experiments have shown that the maximal hydrolysis cannot be 
obtained in a shorter time. The solution was then placed in the 
refrigerator over night. The fatty acids and esters were then 
removed by filtration. The mother liquor was then diluted with 
one liter of water and boiled with return condenser five hours in a 
water bath. The product of hydrolysis was then freed from sphin- 
gosine and from alcohol and the sugar estimated by reducing 
Fehling’s solution, estimating the cuprous oxide by Volhard’s 
method. The yield of galactose was 5 grams or 20 per cent. ° 

EXPERIMENT 2. Three grams of cerebrine were taken up in 50 
ce. of aleohol containing 5 grams of sulphuric acid and treated in 
the same manner as in the preceding experiment. The yield of 
galactose was 0.56 gram or 18.7 per cent. 
















Theory for cerebron, CisHs;NOs, required 21.5 per cent of CsHi2Oc. 
ee Er re re ene neers 20.0 per cent. 
IE net a Ckip Jide te dis « bch oct 18.7 per cent. 





OR PRO Aa ee 





aero ear serra ag 


Taking into consideration that the removal of the fatty acid and 
of sphingosine always leads to some loss the agreement is quite . 
satisfactory. 







Analysis of the fatty acids. 










The mixture of fatty acids and esters obtained on hydrolysis of 
the mixed cerebrosides was saponified in the usual way and the 
soaps transformed into the free acids. These were separated into 
two fractions by means of ether. The fatty acids were dissolved 
in boiling ether and the ethereal solution allowed to stand in the 
refrigerator. A fraction separated consisting practically of pure 
cerebronic acid. The first precipitate thus obtained often had the 
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composition of C=76.4, 76.3 or 76.1, and H = 12.6, 12.3 or 12.4. 
A comparatively small part of the total acids always remained in 
the ethereal mother liquor. The acids were obtained from this 
by removing the ether by distillation and reerystallizing the residue 
out of alcohol or out of acetone. The precipitate thus obtained 
varied in its carbon content from 77 to 78.5 per cent, and hydrogen 
content of about 12.5 to 13.0 per cent. It was thought that an 
acid of the composition C2,H4s02 may be present in that fraction. 
However, in every experiment the acid value was low, and on the 
other hand, the fraction contained no methyl or ethyl esters, since 
the presence of methyl] or ethyl groups could not be demonstrated 
by the method of Zeist and Fanto or by the saponification value. 

In the later phases of the work it was learned that cerebronic 
acid formed a lithium salt, soluble in hot alcohol, and the same 
salt of C2sH4gO2 was insoluble. When the fraction containing the 
high carbon value was transformed into the lithium salt it was 
found that it was either all soluble in hot methyl alcohol or, if 
some remained as an apparently insoluble residue, it also was com- 
posed principally of cerebronic acid, containing carbon 76.5 per 
cent and hydrogen about 12.7 per cent. Thus the attempts to 
identify the acid C2,H,s02 among the products of hydrolysis of 
mixed cerebrosides were not successful. 

An experiment was then made in which 30 grams of cerebrine 
purified by glacial acetic acid were hydrolyzed in the usual way and 
the free acids were transformed into the lead salt and this again 
freed from lead. The analysis of the acid obtained in this manner 


had the following composition. . 
0.1194 gram of the substance gave 0.3292 gram CO; and 0.1350 gram H.0. 
Calculated for 
Cas ; Found: 
(Cerebronic acid) 
itis buaavins Sic eeunbun deen sed ned eed aes 75.38 75.40 
I a ics: isis saint Qlihint hacia lai elie a a aie te a 12.56 12.65 


Thus the attempts failed to discover on hydrolysis of mixed 
cerebrosides an acid that was not cerebronic acid. If such is 
present it is undoubtedly in the form of an impurity derived from 
some substance other than the cerebrosides. 





THE AMINO-ACID NITROGEN OF THE BLOOD. 


PRELIMINARY EXPERIMENTS ON PROTEIN 
ASSIMILATION. 


By DONALD D. VAN SLYKE anp GUSTAV M. MEYER. 
(From the Rockefeller Institute for Medical Research, New York.) 


(Received for publication, July 19, 1912.) 


Two opposing views are held concerning the manner in which 
the organism assimilates the amino-acids formed in the intestine 
from digested proteins. 

Abderhalden! believes that in passing the intestinal wall the 
amino-acids are synthesized into a blood protein. This enters 
the circulation, from which the cells of the tissues take it, break 
it down again into amino-acids and from these rebuild their own 


characteristic proteins. The reason for this view, that the amino- 
acids are resynthesized into protein while passing the intestinal 
wall, is, that although amino-acids are abundant in the intestinal 
contents, attempts to demonstrate them in normal blood have 
met with absolute failure. Against this view the objection is 
valid, that it is based on negative results and that more sensitive 
methods than those hitherto applied might reveal amino-acids 
in the blood. 

Buglia? offers evidence indicating that the body is capable of 
utilizing amino-acids which have entered the blood stream. He 
injected intravenously into dogs amounts of amino-acid mixtures 
comparable to those formed from the food, and found that, when 
the injection was performed slowly, no serious ill effects followed 
and only a small part of the amino-acid nitrogen was excreted. 
Folin and Denis* injected large amounts of amino-acids directly 
into the small intestines of cats and noted a subsequent increase 


1 Synthese der Zellbausteine, 1912. 
2 Zeitschr. f. Biol., \viii, p. 162, 1912. Buglia also gives earlier literature. 
* This Journal, xi, p. 87, 1912. 
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in the fraction of blood nitrogen left after subtracting the protein 


.and urea. Neither the results of Buglia nor those of Folin and 


Denis, however, demonstrate the presence of amino-acids in the 
normal blood during periods of either digestive activity or rest. 
So long as this demonstration remains unperformed, the conten- 
tion of Abderhalden cannot be refuted, that during normal diges- 
tion, with the chyme gradually passing in small portions from the 
stomach to the intestine and from the intestine to the blood, the 
latter passage is accompanied by synthesis of food amino-acids 
into blood protein. 

It was evident that for the solution of the problem a method 
was necessary sufficiently delicate to ascertain decisively whether 
amino-acids are present in or absent fromthe blood, and sufficiently 
accurate to detect the fluctuations normally occurring in amino- 
acid nitrogen if it is present. We have found that the nitrous 
acid method for determination of amino nitrogen can be easily 
used for the blood and answers the above requirements. We 
have consequently applied it to the problem of protein assimila- 
tipn. 


METHOD FOR DETERMINATION OF AMINO-ACID NITROGEN IN BLOOD. 


Thirty to fifty cubic centimeters of freshly drawn blood are 
mixed with 9 or 10 volumes of 95 per cent alcohol to precipitate 
the proteins. The volume of the alcohol-blood mixture must be 
known; but in case it is not convenient to use a graduated cylinder 
for the mixture, its volume can be taken as the sum of the volumes 
of alcohol and blood without essentially affecting the results. 
The alcohol and blood are thoroughly mixed, the vessel contain- . 
ing them is closed, and twenty-four hours are allowed for precipi- 
tation of the proteins to become complete. The solution is filtered 
through a dry folded filter into a measuring cylinder, without 
washing the precipitate. The volume of filtrate obtained is noted, 
and is taken for analysis as an aliquot part of the total blood- 
alcohol mixture. The filtrate is then concentrated to a volume 
of 3-5 cc. and used for determination of amino nitrogen by Van 
Slyke’s nitrous acid method.‘ The use of a few drops of acrylic 
alcohol to prevent foaming is advisable. 


‘ This Journal, ix, p. 185; xii, p. 275. 
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The precipitation with alcohol is a simple and effective means 
of removing the proteins. The filtrate, even when concentrated, 
gives no biuret test. The completeness of the removal of pro- 
teins is further evidenced by the fact that when in control 
tests the alcohol was driven off from the filtrate and the residue 
was hydrolyzed with hydrochloric acid, the amino nitrogen 
set free by the hydrolysis amounted to only 2 mgm. per 100 cc. 
of blood. 

Whether the alcoholic filtrate is concentrated on the water 
bath or under diminished pressure appears to make little difference 
with the results. We have, however, as a regular thing, concen- 
trated under diminished pressure in a double-necked flask, trans- 
ferring the solution towards the end of the distillation to a small 
flask, from which it can be removed with a minimum amount of 
wash water. This method of concentration is the most rapid, 
and the lipoids which separate when the alcohol is driven off 
take the form of a fine emulsion, which does not interfere mechani- 
cally or otherwise with the amino determination. They can be 
removed with ether, but this is unnecessary. 

For the amino determination one can either wash the concen- 
trated filtrate into a 10 cc. graduated flask, measuring off 9.7 or 
9.8 cc. of this in the burette of the amino apparatus; or one can 
transfer the filtrate directly from the small distilling flask into 
the 10 ce. burette of the amino apparatus, using several portions 
of 2-3 cc. of water each to clean out the flask and wash the solution 
completely into the deaminizing bulb. We have usually used the 
latter method. 

The amino determination is much simpler than in the case of 
urine, because the amount of ammonia in the blood is negligible, 
and the urea content is so slight that the correction for the propor- 
tion of urea nitrogen (about 3 per cent), given off while the amino- 
acids are quantitatively decomposed, is scarcely sufficient to 
affect the significance of results if it were entirely neglected. 
We have, however, always determined and made this correc- 
tion according to the principle utilized in the determination of 
amino nitrogen in the urine.® The correction rests on the 
fact that in two to four minutes (according to the temperature) 
‘ amino-acids give off 100 per cent of their nitrogen. Continuing 


* This Journal, xii, p. 275. 
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the reaction for an equal length of time thereafter results, when 
urea is present, in the evolution of a further amount of nitrogen 
from the urea, this amount being equal to that evolved from the 
urea while the amino-acid was being decomposed in the first 
period. With the small amounts of urea present in the blood 
it is unnecessary to make an entire extra analysis to determine 
the correction. The latter is ascertained as follows. For the 
decomposition of the amino-acids the reaction is run with constant 
rapid shaking for four minutes at a temperature below 20°, for 
three and a half minutes at 20—-25° and for two to three minutes 
above 25°, the time being accurately measured. At the end of 
the reaction the nitrogen gas is purified and measured in the usual 
way, and then expelled from the apparatus through cock c (see 
figure 2, p. 278, preceding number of this Journal). The solution 
left in the deaminizing bulb D is now shaken and treated exactly 
as described on page 280 of the above article for determining 
whether the reaction is complete or not. The length of time 
between the end of the first reaction and that of the second should 
be accurately that of the first reaction. The gas formed during 
the second period is shaken out with permanganate and measured. 
This represents the urea correction and is to be deducted from the 
first reading. The latter, minus this correction, represents only 
amino-acid nitrogen, since other forms of amino nitrogen, such 
as fatty amines, amino-purines, amino-pyrimidines and ammonia, 
react slowly and would if present be corrected for with the urea. 
In case it is inconvenient to finish the second reaction in as short 
a period as the first, it may be allowed to run one or two minutes 
longer, the correction being calculated on the rate of urea nitrogen 
evolved per minute. It is essential that the solution should be 
shaken rapidly during the last minute to expel all the nitrogen 
formed. The fact that under these conditions very nearly the 
same amount of nitrogen is evolved in the first and second periods 
is indicated by the following four pairs of determinations, each 
of which was made with 10 ce. of 0.5 per cent urea. 


N in first three minutes.............. 2.0 2.2 2. 
N in second three minutes............ 2.2 2 












D. D. Van Slyke and G. M. Meyer 403 






The maximum difference, 0.2 cc., is equivalent to only 0.1 mgm. 
of amino nitrogen; and the corrections actually found in blood 
work are usually less than 2 cc. 

To ascertain whether the technique above described involves 
losses of amino-acids, particularly whether they are precipitated 
with or adsorbed by the proteins, the following experiment was 
performed. 









One hundred cc. of fresh defibrinated blood, drawn from a dog which 
had fasted twenty-four hours, was precipitated with 1 liter of alcohol. 
(Total volume = 1100cc.) Of the filtrate, 800 cc., equivalent to 72.7 ce. 
of blood, were concentrated, freed from lipoids with ether and brought to 
25ce. Tencc. portions, equivalent to 29.1 cc. of blood, were used for amino 
determinations. 









I II 






cc. cc. 
N in first 4 minutes.......2.95 N in first 3} minutes......2.85 
N in second 4 minutes... . .0.60 N in second 3} minutes... .0.50 










2.35 


2.35 





N from amino-acids....... 








2.35 cc. of nitrogen at 26°, 754 mm., from 29.1 cc. of blood indicate 4.42 
mgm. of amino-acid nitrogen per 100 cc. 





To another 100 cc. of the same blood 1 gram of alanine, much more amino- 
acid than we have ever encountered in the blood in nature, was added. 
Other details of the analysis were identical with the above. 










N gas in three and one-half minutes..... 85. 

N from amino-acids and urea of blood... 2.9 ec. 2.9 ce 
N from added alanine................... 82.3 ec. 82.7 ec 
a RI A ERS SESS Gn Ge aI 26° 27° 
GES cu ceiiaihiy ¢6ne tab sd seme 754 mm. 754 mm. 
Alanine N per 100 ce. found............ 0.1554 gm. 0.1550 gm. 
Alanine per 100 cc. found.............. 0.9880 gm. 0.9860 gm. 






Alanine per 100 cc. added.............. 









AMINO-ACID CONTENT OF BLOOD’ FROM NORMAL FASTING DOGS. 






The animals used for the following experiments had fasted for 
twenty to twenty-four hours before the blood was drawn.’ The 
results indicate that the amino-acid content varies within rela- 
tively narrow limits. 










* For the samples from the carotid artery and the vena cava we thank 
Dr. Auer and Dr. Githens. 





PO LN BOAT AT CLARA IEEE S min ANE Sicha tisiun 
<target or Settee ae sats - eal ML ice BP Sae a 
: _— . 




















404 Amino-Acid Nitrogen of the Blood 


VOL. OF BLOOD | N 


b TEM- AMINO-ACID 
DOG NO. SOURCE OF BLOOD To FILERATE Sen aeere prec | oan pr are gpm 

ce. ce. as mm. mgm. 
1 Femoral artery... 29.1 2.35 26 | 754 [4.4 
1 Femoral artery. . 29.1 2.35 26 754 \4.4 
2 Femoral artery. . 28.4 2.10 25 . 762 f 4.1 
2 Femoral artery... 28.4 | 2.20 | 2 762 4.3 
3 | Vena cava....... | 21.5 2.10 | 24 | 760 5.4 
4 Carotid artery... 59.0 5.80 | 25 760 | 5.4 
5 Femoral artery... 51.0 | 4.20 | 25 760| 3.7 
6 Femoral artery .. 35.5 3.30 | 25 760 | 5.2 
7 Carotid artery...) 37.5 2.20 | 31 758 3.1 
8 Femoral artery. . 40.0 3.00 | 30 758 4.0 
8 Mesenteric vein. 40.0 2.90 | 30 758 3.9 





Experiment I. Behavior of intravenously injected alanine. 


A male dog of 14 kilos weight was catheterized and the bladder 
was thoroughly washed out. One cannula was placed in the 
right femoral véin, another in the left femoral artery. A sample 
of blood was drawn from the artery, and immediately afterwards 
the injection of 12 grams of dl-alanine dissolved in 400 cc. of water 
into the vein of the other leg was commenced. At intervals 
samples of blood were drawn. At the end of the experiment the 
bladder was again washed out and the excreted amino-acid nitro- 
gen determined. The results are here summarized. 


FREE UNPRECIPITATED 





TIME AFTER ,uino-acip| ESTIMATED | mINO NITROGEN 
rime eo | NPR TOO | SLANTING | ren 100ce, reno 
| p.m. minutes mgm, | grams mgm. 
Drew blood sample | 
t. Normal...... | 3:15 4.2 | 0.00 2.1 
Began injection .... 3:17 ; | 
Finished injection. 3:30 
Drew sample II... 3:35 5 37.2 1.47 1.8 
Drew sample III... 3:42 12 20.8 0.64 1.5 
Drew sample IV... 4:05 | 35 12.3 0.36 1.4 
60 1.7 


Drew sample V.... 4:30 12.3 0.36 
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er ee ae 0.445 gram. 
Ammonia nitrogen in urine.......................... 0.015 gram. 






Free amino-acid nitrogen in urine.................. 0.236 gram. 
equivalent to 1.501 grams alanine. 
Total amino-acid nitrogen in urine.................... 0.233 gram. 






The excreted alanine was optically inactive. 










The injected alanine disappeared from the blood with such 
rapidity that five minutes after the injection only 1.47 grams out 
of the 12 grams injected remained in circulation and in thirty- 
five minutes only 0.36 gram. A relatively small proportion, 
1.5 grams in all, was excreted, about 10 of the 12 grams being 
almost immediately taken from the circulation by the tissues. There 
was no evidence of synthetic processes in the blood, for the amino 
nitrogen freed by hydrolysis, which might be expected to increase if 
intermediate products of protein synthesis were present, remained 
practically constant. 

The total amount of alanine in circulation was calculated on 
the assumption that the volume of the blood in liters is one- 
twentieth of the weight of the body in kilograms. While this is, 
of course, only a rough approximation, it suffices for the purpose 
of the experiment. 

The details of the analyses follow: 





















Experiment I. Determination of free amino-acid nitrogen. Temperature 25°; 







° pressure 762 mm. 
VOL. | VOL. OF BLOOD N Gas N Gasin_ N Gas (CORR.) AMINO-ACID N 
SAMPLE OF EQUIVALENT TO EVOLVED FOLLOWING FROM PER 100 cc. 

SAMPLE FILTRATE USED IN 4 MIN. 4 MIN. AMINO-ACIDS BLOOD 
ec. ce. ce. ce. ce. mgm. 
I f 87) 28.4 2.3 0.2 2.1 4.1 
| \ 28.4 2.4 0.2 2.2 4.3 
II 100 31.6 22.1 0.9 21.2 37.2 
I f 76 24.0 9.3 0.4 8.9 20.7 
24.0 9.4 0.4 9.0 20.9 
- bas | 29.2 6.8 0.4 6.4 12.1 
| 29.2 7.0 0.4 6.6 12.5 
¥ {7 24.8 5.9 0.4 5.5 12.3 
\ 24.8 5.8 | 0.3 5.5 12.3 





For the above determinations each filtrate was brought to 25 cc., dupli- 
cate determinations being made on 10 cc. portions of this. 

Of the unused parts, 4 cc. portions were used for hydrolysis. They 
were mixed with equal volumes of concentrated hydrochloric acid and 
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heated at 100° for twenty-four hours. The acid was evaporated off as 
completely as possible, and the ammonia removed by vacuum distillation 
with calcium hydrate. The latter was then dissolved with acetic acid and 
the sample used for amino determination. . 


Experiment I. Determinations of amino nitrogen after hydrolysis. Tem- 
perature 27°; pressure 764 mm. 


VOL. OF BLOOD | Ww ggg iy | N Gastn NGasS FROM AMINO N | FREE | eS 
SAMPLE EQUIVALENTTO| ~*~ 3 min |\FOLLOWING AMINO- PER 100 CC.) AMINO 


| SAMPLE USED | 3 MIN. ACIDS BLOOD —— 


ce. ce. ce. ce. mgm. | . gm. 
I Lee: 45 fa 0.10 1. 6.3 
II 122.6 | 9.10 0.20 8. 39.0 
Ill 9.6 450 | 020 | 4. 22.3 
IV 11.7 3.05 0.15 3 , ae 
V 9.9 2.65 0.15 2.50 14.0 | 12.3 


_ The urine voided during the hour after the beginning of the injection 
was made up to 100 cc. Portions of 2 cc. used for Kjeldahl determination 
required 6.40 and 6.30 ce. of 74 acid, the average indicating 0.445 gram of 
total nitrogen. 

Fifty cubic centimeters were used for determination of ammonia and 
free amino nitrogen, as described by Levene and Van Slyke.’ The am- 
monia neutralized 5.2 ec. of #4; HCl, indicating 0.0146 gram of ammonia 
N in the entire urine. The ammonia-free urine was brought back to 50 cc. 
volume and 10 cc. portions ‘used for determination of free amino acid 
nitrogen. 

I II . 


> cc. 
N in first 3 minutes N in first 4 minutes.......45.2 
N in second 3 minutes...... 1.9 N in second 4 minutes.... 2.2 


—_—_—_—_— 


Amino-acid N............. 43.1 Amino-acid N.............43.0 


These determinations were made at 27°, 758mm. The average, 43.05 cc., 
indicates 0.236 gram of free amino-acid nitrogen in the total urine. This 
includes all the amino nitrogen, comparison with the following determina- 
tion showing that no measurable amounts were conjugated. 

For determination of the total amino nitrogen 40 cc. of urine were used, 
the sample being diluted to 50 cc. after removal of urea and ammonia. 
Ten cc. portions were used for amino determinations. They gave 33.5 
and 33.4 cc. of nitrogen at 25°, 762 mm. indicating 0.233 gram of total amino 
nitrogen in the urine. 


In order to determine whether the organism had destroyed or 
retained the natural component of the amino-acid (d-alanine) 


™This Journal, xii, p. 275. 
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and excreted the other (l-alanine), as found by Wohlgemuth® to 
be the case when certain dl-amino-acids were given per os, 25 cc. 
of ammonia-free urine, containing 0.375 gram of alanine, were 
concentrated, and acidified with 0.5 cc. of concentrated hydro- 
chloric acid. The weight of the solution was 4.273 grams, the 
concentration of alanine hydrochloride 12.3 per cent. This, if all 
l-alanine, should have given a rotation of —1.2° ina 1 dm. tube. 
The observed rotation was only —0.04°. The dl-alanine was, 
therefore, excreted practically unchanged and the alanine retained 
was equal parts dextro and levo. 


Experiment II. Absorption of alanine from the small intestine. 


The animal used was a dog of 10 kilos weight which had fasted 
for twenty-four hours. Cannulas were placed in the left femoral 
artery and the mesenteric vein. Fifty cc. samples of blood were 
drawn from each and diluted to 500 cc. with alcohol. A loop of 
the small intestine was then ligated at both ends and 15 grams of 
alanine, dissolved in 100 cc. of water, injected into it. After 
forty minutes, samples of blood were again drawn. The loop was 
then washed out, its contents diluted to 500 ec., and 10 cc. used 
to determine the unabsorbed alanine nitrogen. The determina- 
tion yielded 26 cc. of nitrogen at 26°, 760 mm. From this: 


grams 


Total alanine N injected 2.461 
Alanine N unabsorbed 0.718 
Alanine N absorbed 1.743 


The blood analyses gave the following results. The temperature 
was 30°, barometer 758 mm. 





| 
VOL. OF BLOOD N Gas In N GAS FROM AMINO-ACID 


SOURCE EQUIVALENTTO ~ a om EP FOLLOWING AMINO- N PER 100 


FILTRATE USED 2.5 MIN. ACIDS cc. BLOOD 


ce. ce. ce. ce. mgm. 
Femoral artery be- 

fore injection*... . 40 3.7 0.7 3.0 4.0 
Mesenteric vein be- 

fore injection. ... 40 3.7 0.8 2.9 3.9 
Mesenteric vein 

after injection.... 43 | 5.6 0.6 5.0 6.3 


* The determination on the blood from the femoral artery after the injection was lost. 


8 Ber. d. deutsch. chem. Gesellsch., xxxviii, p. 2064, 1904. 
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The amount of amino-acid nitrogen in the mesenteric blood 
increased by 60 per cent as the result of the injection of alanine 
into the intestine. This, however, demonstrates only the possi- 
bility that amino-acids can pass the intestine. The sudden flood- 
ing of the intestine with a solution of one or more amino-acids 
is so entirely different from the gradual entrance of partially 
digested proteins from the stomach which occurs in normal diges- 
tion, that the results can not be utilized to explain the normal 
process of protein assimilation. The same restriction applies 
to the results of Folin and Denis,’ who flooded the intestines of 
cats with solutions containing unusual amounts of amino-acids 
and observed a subsequent rise in the fraction of blood. nitrogen 
left after subtracting the urea and protein. 


THE RISE OF THE AMINO-ACID CONTENT OF THE BLOOD DURING 
DIGESTION. 
Experiment III. 


We have, therefore, performed the following experiment. Sam- 
ples of 50 cc. of blood were drawn from the right femoral arteries 
of two dogs, of about 15 kilos weight each, which had fasted for 


Experiment III. Effect of digestion on the amino-acid content of the blood. 


VOL. OF BLOOD N Gas IN NGASFROM, AMINO-ACID N 


SOURCE OF BLOOD EQUIVALENTTO bye FOLLOWING AMINO- PER 100 cc. 
FILTRATE USED " sii 3.5 MIN. ACIDS BLOOD 
Dog A ~ ce. ce. ce. cc. mgm. 
Right femoral artery 
before feeding.... 51.0 4.6 0.4 4.2 3.7 
Mesenteric vein 
after feeding. .... 38.3 8.3 1.5 6.8 9.5 
Left femoral artery 
after feeding..... 37.7 7.2 1.2 6.0 8.6 
Dog B 
Right femoral artery 
before feeding.... 35.5 4.0 0.7 3.3 | §.2 
Mesenteric vein 
after feeding...... 38.5 9.4 2.3 7.4 10.2 
Left femoral artery 
2.2 6.9 9.9 


after feeding. .... 37.3 9.1 


* This Journal, xi, p. 87, 1912. 
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twenty-four hours. The dogs were in normal condition the next 
day, and each then devoured a kilo of fresh beef. Five hours 
after the meal the animals were etherized and samples of blood 
drawn from both the left femoral artery and the mesenteric vein. 

The amino-acid content is about doubled during digestion. It 
will be noticed that the correction for urea also increases. This 
is to be expected from the results of Folin and Denis, who noted 
a marked rise in the urea content of the blood during digestion 
of protein. 













SUMMARY OF RESULTS. 






The gasometric method for direct determination of amino-acid 
nitrogen is easily applicable to blood from which the proteins 
have been precipitated by alcohol. Duplicate results usually 
agree within 0.2 mgm. of amino-acid nitrogen per 100 cc. of blood. 

The blood of the dog normally contains amino-acid nitrogen. 
The amount, in animals which have been fasting for twenty to 
twenty-four hours, is 3 to 5 mgms. per 100 cc. of blood. 

Twelve grams of alanine, injected during 13 minutes into 
the vein of a dog, were so rapidly removed from the blood stream 
that five minutes after the injection only 1.5 grams were left in 
the blood, and after 35 minutes but 0.4 gram. Only 1.5 grams 
were excreted in the urine, the greater part of the injected amino- 
acid being evidently taken up by some of the tissues. 

Absorption of 10 grams of alanine from the small intestine in- 
creased the amino-acid nitrogen of the mesenteric blood from 3.9 
to 6.3 mgm. per 100 cc. 

During normal digestion of meat the amino-acid content of 
the blood undergoes a marked increase compared with its value 
before feeding. It was doubled in the case of one dog and some- 
what more than doubled in that of another. The increase affected 
the blood from the femoral artery almost as much as that directly 
from the mesenteric vein. 




























CONCLUSIONS. 





With the finding of amino-acid nitrogen in the normal blood 4 ; 
the hypothesis, that the amino-acids formed in digestion are 
synthesized into blood protein while passing the intestinal wall, 
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becomes superfluous. The increase in amino-acid nitrogen of 
the blood, noted during digestion of protein, is, furthermore, 
positive evidence that amino-acids as such do normally pass the 
intestinal wall and enter directly into the blood current. The 
fact that the amino-acid content decreases but little during pas- 
sage of the blood from the mesenteric vein out to the femoral 
artery indicates that the amino-acids are not held back or destroyed 
by the liver before reaching the other tissues. On the contrary, 
it seems that the amino-acids absorbed from the intestine circu- 
late through the entire organism and are offered directly to the 
body cells in general. The fact that the amount of amino-acids 
normally present in the circulation is small, is accounted for by the 
rapidity with which the tissues take up amino-acids from the 
blood as soon as they become unusually abundant therein. This 
is illustrated by the disappearance of intravenously injected alanine 
from the blood stream. 

The experiments here reported are preliminary to a more com- 
plete investigation of the problem of protein assimilation and of 
the effect of different physiological and pathological conditions 
upon the amino-acids of the blood. 








ON THE STRUCTURE OF THYMUS NUCLEIC ACID. 





By P. A. LEVENE anp W. A. JACOBS. 






(From the Rockefeller Institute for Medical Research, New York.) 






(Received for publication, July 19, 1912.) 






Following the successful characterization of the inosinic and 
guanylic acids as phosphoric acid esters of purine ribosides, 7.e., 
simple nucleotides, and of the yeast nucleic acid as a complex of 
four such nucleotides, we at once attempted the same with the 
thymus nucleic acid. Evidence had already been obtained by 
Levene and Mandel! of the probable existence of a thymine nucleo- 
tide in this acid but owing to the meagre means at hand at that 
time for studying the product obtained the result required con- 
firmation. From the very start our progress was greatly retarded 
by the marked differences shown by this acid towards the chemical 
treatment to which the ribose nucleotides had so readily yielded. 
The nucleic acid, when heated with ammonia in a sealed tube 
under the conditions for the preparation of the yeast nucleosides, 
remained apparently unchanged. Whenthetemperature was raised 
to a point at which phosphoric acid was cleaved, free purines were 
also obtained. Likewise, when subjected to ‘‘neutral hydroly- 
sis” the cleavage of phosphoric acid was always accompanied by 
the appearance of free purines and even pyrimidines. From the 
mixture no nucleosides could be isolated. This was finally accom- 
plished by other methods which will be described elsewhere. We 
have been led to conclude that the instability of the sugar is the 
cause of the failure of chemical methods. Whereas the ribose 
nucleotides on hydrolysis with acids yield strongly reducing mix- 
tures, the thymus nucleic acid shows but the weakest reduction 
of Fehling’s solution after hydrolysis. That portion of the sugar 
which has been cleaved from combination is converted at once 
into levulinic acid. This was accomplished by boiling only two 


1 Ber. d. deutsch. chem. Gesellsch., xli, p. 1905, 1908. 
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hours with 2 per cent sulphuric acid. Levene? has already pointed 
out that the glucosidic linking in this acid is much weaker than 
that in the yeast nucleic acid, as shown by the ready cleavage of 
all purines in the former by boiling in dilute acetic acid. 
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On the other hand the union of the phosphoric acid in the 
thymus nucleic acid resembles in stability that of the inosinic 
acid. Whereas by heating with dilute ammonia the phosphoric 
acid is most readily removed from the yeast and guanylic acids, 
under the same conditions both the inosinic and thymus nucleic 


2 Biochem. Zeitschr., x, p. 215, 1908. 
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acids remain unchanged. The inosinic acid is decomposed only 
by neutral hydrolysis, a condition under which unfortunately 
the glucosides of the thymus are destroyed. This stability, to- 
gether with the stability of the pyrimidine glucosides which is 
analogous in every respect to the conditions found in the yeast 
nucleic acid, has enabled us to obtain by partial hydrolysis with 
dilute acid intermediary products from which we have been able 
to construct a formula representing in all probability the struc- 
ture of the acid. 

It has been assumed by many that the nucleus of the nucleic 
acid is a polyphosphoric acid in which the phosphoric acid mole- 
cules are linked together in an anhydrideform. As is well known, 
the acid itself is stable towards alkali, a property not possessed by 
anhydrides, so that @ priori such a structure is unlikely. As a 
matter of fact, the products formed upon hydrolysis of the acid 
are incompatible with such a mode of linking. As developed by 
the present investigation, the nucleic acid is represented by the 
formula on preceding page. 

The two pyrimidine nucleotides are joined together presumably 
by an ether linking between the sugars. Each sugar of the thy- 
mine and cytosine nucleosides is conjugated with a secondary 
phosphoric acid and then again with a tertiary phosphoric acid 
which in turn forms a bridge between the pyrimidine and the 


HC — Thymine HC — Cytosine 
IN IN 
HOCH \. HOCH \. 
eee . 
HOCH / HOCH / 
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HC 
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Hexo-thymidine diphosphoric acid. Hexo-cytidine diphosphoric acid. 
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purine nucleosides. This view is based upon the following facts. 
Upon hydrolysis of the nucleic acid with 2 per cent sulphuric 
acid for two hours the purines are completely removed and the 
sugar originally in union with them is almost completely con- 
verted into levulinic acid. This was readily obtained by extrac- 
tion with ether and identified by the hydrazid and silver salt. 
The resulting mixture, as described below, was fractionated with 
phosphotungstic acid. From the portion not precipitated by this 
reagent the crystalline brucine salts and barium salts of a hexo- 
cytidine diphosphoric acid and a hexo-thymidine diphosphoric 
acid were obtained of the structure given on preceding page. 

Though not yet proven, we consider this position of the phos- 
phoric acids on the sugars probable, because of the great stability 
shown by them; a condition analogous to that found in inosinic 
acid. ' 

From the phosphotungstic fraction we have succeeded in iso- 
lating a dinucleotide of the following structure. 
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In all these formulae no significance is to be attached to the 
configuration of the sugar since its nature has not yet been deter- 
mined. 

The crystalline brucine salt and barium salt of this substance 
were also prepared and from the barium content shown by the 
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analysis we must conclude that each phosphoric acid contains 
a secondary and a tertiary hydroxyl and the linking between the 
two nucleotides occurs between the sugars as shown above. By 
fractionation with mercury a mixture of the barium salts of the 
simple thymine and cytosine nucleotides was obtained. The ex- 
perimental part regarding both the dinucleotide and the simple 
-nucleotides will be described in a subsequent communication. 











EXPERIMENTAL PART. 


Hydrolysis of the nucleic acid. 









Two hundred grams of nucleic acid (from fish sperm) were 
heated on the water bath in 3 liters of 2 per cent sulphuric 
acid until solution was complete and then boiled for two hours 
under a reflux condenser. After cooling silver oxide was added 
as long as a precipitate of purine silver separated and the mixture 
was allowed to stand over night. The filtrate from the purine 
precipitate was then treated further with silver oxide until a drop 
of the solution added to dilute sodium hydrate gave a precipitate 
of silver oxide. To this solution a warm saturated solution of 
barium hydrate was added until just alkaline to litmus. The 
precipitate which contained the silver and barium compounds of 
the nucleotides, phosphoric acid and free pyrimidines, was rapidly 
filtered by suction and washed well with water. The filtrate 
after removal of silver with hydrogen sulphide gave a considerable 
test with orcin and copper, and slightly reduced Fehling’s solu- 
tion. After removal of barium from this with sulphuric acid and 
concentration to a small bulk we were able to precipitate with 
basic lead acetate and barium hydrate a small amount of material 
from which a barium salt was prepared. This salt reduced Feh- 
ling’s solution and contained conjugated phosphoric acid. The 
salt so obtained is presumably the barium salt of the hexose phos- 
phorie acid contained in the nucleic acid. The quantity of sub- 
stance which was still quite impure was too small to purify further. 

The above silver barium precipitate was decomposed by sus- 
pending in a slight excess of dilute sulphuric acid and passing 
hydrogen sulphide through the mixture. After complete decom- 
position the filtrate was freed from hydrogen sulphide and pre- 
cipitated by mercuric sulphate solution. The heavy precipitate 
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of the mercury salt of the mixed nucleotides was filtered and well 
washed. In the filtrate are contained besides free phosphoric 
acid the simple nucleotides which were isolated by a method to 
be described later. The above mercury precipitate was suspended 
in water and completely decomposed by hydrogen sulphide. The 
mixture was neutralized with pure barium carbonate and then 
acidified with acetic acid to keep in solution some of the nucleo- 
tides. The filtrate, after concentration to a small volume, was 
precipitated by several volumes of alcohol. The heavy precipi- 
tate of barium salts was filtered, washed with 70 per cent alcohol, 
then with absolute alcohol and ether and then dried. The yield 
varied from 50 to 75 grams. The mixture so obtained was dis- 
solved in about 5-10 parts water and the barium removed with 
a slight excess of sulphuric acid. To the filtrate 50 per cent 
sulphuric acid was added until the solution contained 10 per cent 
acid. To this concentrated phosphotungstic acid was added until 
precipitation was complete. The phosphotungstate fell as a heavy 
gummy mass to the bottom and after standing a while at 20° the 
clear supernatant liquor was poured off. The phosphotungstate 
was again dissolved in several volumes of hot water and again 
precipitated by addition of sulphuric acid to 10 per cent. The 
phosphotungstate contained the dinucleotide fraction. The two 
mother liquors were joined and the phosphotungstic acid shaken 
out with amyl alcohol. The solution was then treated with barium 
hydrate solution until just alkaline to phenolphthalein, again 
acidified with acetic acid, filtered and concentrated to several 
hundred cubic centimeters. For further purification the nucleo- 
tides were precipitated again with mercuric sulphate and the 
mercuric precipitate decomposed with hydrogen sulphide. From 
the filtrate, after removal of the hydrogen sulphide, a trace of 
sulphuric acid was removed quantitatively with barium hydrate. 
The acidity of the solution was then determined by titration and 
an equivalent amount of commercial brucine dissolved in alcohol 
was added to the mixture. Though crystallization may begin 
at once, the whole mixture was concentrated in vacuo to dryness 
and the residue dissolved in a sufficient quantity of hot 85 per 
cent alcohol. On cooling the mixture crystallized to a solid mass. 
After standing twenty-four hours it was broken up with a glass 
rod, filtered and washed with 75 per cent alcohol. The brucine 
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salt so obtained is the salt of the hexo-thymidine diphosphoric 
acid. After several recrystallizations from hot 85 per cent alcohol 
it is pure. 


Hexo-thymidine diphosphoric acid. 


‘As so prepared the neutral or tetrabasic salt crystallizes in 
variegated aggregates of long microscopic plates. When rapidly 
heated in a capillary tube it sinters at about 172°. The acid 
salts crystallize in globular aggregates of microscopic needles of 
higher melting point. The neutral salt is practically insoluble 
in cold water, absolute alcohol, acetone, chloroform and the other 
neutral organic solvents. In hot dilute alcohol and hot dilute 
acetone it is fairly easily soluble. 

For analysis it was dried in vacuum over phosphorus pentoxide 
at 110°. 


0.3358 gram substance gave 0.0375 gram Mg:2P,0;. 
Calculated for 
CuHisN2OiusP2 . 4CosHasN2Ox: Found: 


Be cvvivedteine ts 3.06 ’ 3.11 





For conversion into the barium salt the brucine salt was sus- 
pended in water in a separatory funnel, an excess of ammonia 
added and shaken out several times with chloroform. The aque- 
ous solution of the ammonium salt was placed in a distilling flask, 
a few drops of phenolphthalein added, and distilled in vacuo, the 
receiving flask containing dilute sulphuric acid. During the dis- 
tillation a saturated solution of pure barium hydrate was added 
drop by drop until the solution remained on continued distillation 
just alkaline to the phenolphthalein. After the removal of the 
ammonia by this process the barium salt, which had already partly 
separated upon the first addition of barium hydrate, was brought 
just into solution by the addition of a few drops of acetic acid, 
an excess being avoided. The solution was then brought to a 
boil. The barium salt which is more insoluble in hot than in 
cold water separated as a white powder, which under the micro- 
scope appeared as globules in which crystal formation was hard 
to discern. The salt was filtered hot, washed with hot water, 
then with alcohol and ether and dried. So prepared the salt is 
pure for analysis. For the analysis it was dried in vacuo over 
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phosphorus pentoxide at 110°. Many samples obtained in dif- 
ferent experiments were analyzed. 


0.1879 gram substance gave 0.1248 gram CO,; 0.0360 gram H.0O. 
0.1579 gram substance gave 0.0514 gram Mg>P.0O;. 

0.1512 gram substance gave 0.0990 gram BaSQ,. 

0.1397 gram substance gave 0.00574 gram N (Kjeldahl). 

0.2425 gram substance gave 0.0101 gram N (Kjeldahl). 


Calculated for 


Cu HisO13 N2P2Baz: Found: 
ie asain ne Chak Gionidi'w:oficieint hte oak ala nea 18.44 18.12 
RS epee ker crea ee 1.96 2.13 
I II 
Me So irs bon Coin bos geet hka euN ee ers 3.91 4.11 4.18 
POE BRR Bras Crp es PPR ot 8e Re 8.66 9.06 
NG, iiaasay + six teas ote 38 .30 38 . 54 


For the optical determination 0.346 gram substance was dissolved in 5 
cc. of ¥ HCl. Total weight of solution, 5.533 grams. In 2 dm. tube at 
30° with D-light it rotated 0.84° to the right. Calculating the specific rota- 
tion of the free acid without regard to the specific gravity, 


J 30 ° 
[a] = + 10.86: 


When the strong acetic acid solution of this salt is concentrated 
slowly on the water bath it gradually separates as a white crust 
which under the microscope is seen to consist of aggregates of 
colorless needles. When exposed, the tertiary salt absorbs carbon 
dioxide from the air. 

The free acid was not prepared crystalline. The aqueous solu- 
tion of the free acid is precipitated by mercury salts, except the 
chloride, by ammonium molybdate and lead acetate as well as 
by other heavy metals. Phosphotungstic acid precipitates it as 
an oil in concentrated solutions when sulphuric acid is added to 
20-25 per cent. This precipitate is soluble in water and pre- 
cipitated by the addition of strong sulphuric.acid. In following 
the method given above for the removal of the phosphotungstate 
fraction containing the dinucleotide, the sulphuric acid content 
of the mixture must not exceed 10 per cent to avoid precipitation 
of this thymine complex as well as the cytosine complex described 
below. ; 

Upon hydrolysis of this acid with 10 per cent sulphuric acid 
in a sealed tube at 125° for three hours the phosphorus is com- 
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pletely broken off. From the mixture thymine was obtained in 
typical form and also levulinie acid. 

With orcin and a drop of copper chloride solution the character- 
istic test. for hexoses is obtained, but the green color is of con- 
siderably less intensity than that obtained with a hexose or with 
the original nucleic acid. This is in harmony with the experience 
obtained with the pyrimidine ribosides obtained from the yeast 
nucleic acid. As seen in the method of preparation the union of 
the pyrimidine with the sugar is comparatively stable, and no 
reducing substances are obtained upon hydrolysis. Also bromine 
water added to the complex is instantly decolorized and the result- 
ing solution reduces Fehling’s solution. Under certain conditions 
hydrogen with colloidal palladium was found to reduce the com- 
pound. The resulting solution gave a very strong orcin test and 
upon hydrolysis yielded a strongly reducing solution containing 
a phospho-sugar and a dehydro-thymine. From these facts which 
agree with the experience obtained by Levene and Laforge* with 
cytidine and uridine from the yeast nucleic acid we conclude that 
the union between pyrimidine and sugar is of the same nature in 
the two nucleic acids, 7.e., a simple glucosidic union. 





















Hexo-cytidine diphosphoric acid. 






The mother liquors obtained from the above brucine salt when 
concentrated to small volume yield, on standing, more of the salt 
of the thymine complex. When this is filtered and the mother 
liquors further concentrated and treated with absolute alcohol 
to permanent turbidity, on standing several days, the neutral 
brucine salt of the analogous cytosine complex separates in long 
plates with pointed ends which can be easily seen by the naked 
eye. After filtration the salt is dissolved in hot 95 per cent alcohol. 
On standing it separates as large prisms. After twenty-four hours 
the crystallization is complete. This salt is more beautiful than 
the thymine salt. It is likewise much more soluble in warm alco- 
hol, even in hot absolute alcohol in which the thymine complex 
is very little soluble. 

For the analysis it was again recrystallized and dried in vacuo 
over phosphorus pentoxide at 110°. 












3 Ber. d. deutsch. chem. Gesellsch., xlv, pp. 608 -20. 
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0.2839 gram substance gave 0.0363 gram Mg>P.0;. 
0.4878 gram substance gave 33.2 cc. N (29°, 767 mm.). 


Calculated for 
CioHi7 NsO12P2 . 4CeaH2sN20s: Found: 
ice ak a la ts GRw Es Oak k  o¥R Ls we 3.09 3.56 
ee a Ba ee 7.66 7.46 


For the preparation of the barium salt the method described 
above for the thymine complex was used. It is also more insoluble 
in hot water than in cold water and advantage was taken of this 
fact for the preparation of the pure neutral salt. For analysis 
it was dried in vacuo over phosphorus pentoxide at 110°. 


0.1922 gram substance gave 0.1203 gram CO,; 0.0430 gram H.0. 
0.1484 gram substance gave 0.0085 gram N (Kjeldahl). 

0.1877 gram substance gave 0.0107 gram N (Kjeldahl). 

0.3681 gram substance gave 5.25 cc. amino N (22.5°, 752 mm.). 
0.1730 gram substance gave 0.1162 gram BaSQ,. 

0.1507 gram substance gave 0.0493 gram Mg2P.0;. 


Calculated for 
CioHisNsOnP2Baz: Found: 


Rp as S55 NG ICI STEM aS 17.08 17.06 
Pi Rains etete «aids Minka chain eues Hania 1.85 2.49 
ER aR Gees SM Le NR I ae. Re 5.96 5.71 
Rs a a bp hap annie We obckeuil eee ee 1.99 1.59 
ih Sa a eee ie a ee a 8.82 9.11 
gsi 05 koe ob alo en eee eee Ce ece ok be 39.00 39.55 


The salt was obtained only as an amorphous powder. For the optical 
determination 0.3793 gram dried substance was dissolved in 4 ce. N hydro- 
chloric acid solution. Total weight of solution, 4.427 grams. In a2 dm. 
tube with D-light it rotated at 25°, 3.29° to the right. Calculating for the 
free acid and without regard for the specific gravity, 


[a}” = + 31.45° 


The free acid resembled closely in its behavior that of the thymine 
complex toward precipitants and reagents. It is likewise not 
more easily precipitated by phosphotungstic acid. The difference 
in solubility of the brucine salts is the only method of which we 
now know which will accomplish a separation of the two acids. 

From this acid levulinic acid and cytosine were obtained. The 
latter was analyzed as the picrate. 


0.1403 gram substance gave 30.9 cc. N (27°, 764 mm.). 


Calculated for 
: CsHsN30 . CeHo(NOz)s30H: Found: 
MGs 60% Me, ib Sack e enh tes hie ice 24 62 24.32 
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Guanylic acid undoubtedly belongs to the group of simpler 
substances of that class. Its molecule contains only one base, 
guanine, and one carbohydrate, d-ribose. These two substances 
are combined through a glycosidic linking as guanosine. There 
is, however, still a lack of agreement in the minds of individual 
investigators as to the degree of its simplicity. The latest publi- 
cation on the subject is that by Bang? in 1910. In this article 
the author attacks with great ardor and considerable bitterness 
the view of those workers who regard guanylic acid as a simple 
nucleotide. According to Bang, guanylic acid in its structure is 
analogous to thymus nucleic and not to inosinic acid. The very 
lengthy argument of the author is based on the results of the 
ultimate analysis of various amorphous salts of guanylic acid and 
on the property of the salts to gelatinize. However, guanosine— 
a simple guanine-pentoside—shares with guanylic acid the property 
of gelatinizing when it contains only a slight proportion of mineral 
impurity. Also the argument of the elementary analysis is not 
very convincing for the reason that in the publication of Bang no 
evidence was offered to prove the purity of the analyzed acids. 
It is true that the opposing investigators have not yet succeeded 
in presenting analytical data of such a nature as to render their 
contentions absolutely convincing. 

Several years ago the method of preparation of the acid was 
considerably simplified by us and we had hoped to be in a position 



























1 Ber. d. deutsch. chem. Gesellsch., xlii, p. 2469, 1909. 
2 Biochem. Zeitschr., xxvi, p. 293, 1910. 
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to obtain the substance in that degree of purity which would 
permit us to clear up the disputed points in the structure of the 
substance. Pressure of other work caused the delay of the under- 
taking and only very recently have we been in a position to again 
direct our efforts to the work on guanylic acid. 

It is now possible to obtain the substance in the form of a 
pure crystalline brucine salt. The process that led to the prepa- 
ration of this salt was complex. The acid was originally obtained 
directly from pancreas glands as an impure lead salt. This was 
transformed into an acid sodium salt. The latter salt was further 
purified as a mercury salt. The advantage of the last purification 
lay in the fact that a solution of mercuric sulphate forms a mer- 
curic salt of guanylic acid insoluble in dilute acids. Thus a means 
is given by which all other bases may be removed from the mercu- 
ric salt. A solution of the free acid can be easily obtained from 
the mercuric salt. In that condition guanylic acid showed no 
tendency to gelatinize. The acid in this solution was easily 
transformed into the crystalline brucine salt and was analyzed as 
such. The brucine salt was then transformed into the neutral 
barium salt and this again analyzed. The analysis of the two 
last named salts permitted us to formulate the composition of 
guanylic acid as CjpHyN;sOsP or as a mononucleotide. As a 
polynucleotide is formed through the process of anhydride forma- 
tion, the polynucleotide hypothesis of the structure of guanylic 
acid requires values of carbon, nitrogen and phosphorus higher 
than those actually found. 

On the basis of this the following constitution may be ascribed 
to guanylic acid: 


The substance is optically active, showing [a] = — 1.27° in 
hydrochloric acid solution. 
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There is some basis for the assumption that the structure of 
guanylic acid is not identical with that of inosinic acid. There 
apparently exists a difference in the union between phosphoric 
acid and the carbohydrate in these acids analogous to the differ- 
ence in the union between phosphoric acid and the nucleosides 
of the two more complex acids, namely, that of the thymus and 
of the yeast nucleic acid. Both guanylic and yeast nucleic acid 
permit the detaching of phosphoric acid quite readily, whereas 
in the inosinic and in the thymus nucleic acid the same reaction 
is accomplished with great difficulty. This difference is probably 
due to a difference in the position of the phosphoric acid on the 
sugar. When hydrolyzed under the same conditions employed 
for the preparation of ribose phosphoric acid from inosinic acid, 
the phosphoric acid was completely cleaved from guanylic acid. 
We have, therefore, as yet been unable to obtain definite evidence 
regarding the position of the phosphoric acid on the sugar. 


Preparation of the crude guanylic acid. 


The glands were trimmed and passed through a hashing machine. 
They were suspended in water, which was brought to a boil and 
to the mixture was added potassium acetate in substance enough 
to make the concentration 5 per cent. 

When the mixture cooled down to about 65° enough sodium 
hydrate was added to make its concentration 5 per cent. This 
mixture was allowed to stand over night, when it was neutralized 
by means of picric and acetic acids as long as a precipitate formed. 
The precipitate was then removed by filtration and to the filtrate 
a 25 per cent solution of neutral lead acetate was added. The 
mixture was brought to a boil and filtered. To the filtrate more 
lead acetate and ammonia were added as long as a precipitate 
formed. This precipitate contained guanylic acid and guanosine. 
To obtain the guanylic acid the substance was suspended in hot 
water and transferred to flasks immersed in a hot water bath. 
A stream of hydrogen sulphide was passed through the mixture. 
The lead sulphide was ultimately removed by filtration and the 
filtrate concentrated to small volume. It was then rendered 
alkaline by means of ammonia and precipitated with a large excess 
of 95 per cent alcohol. This was done in order to remove the 
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guanosine which remained in the solution, the mixed ammonium 
and sodium salts of guanylic acid remaining in the precipitate. 
The precipitate was then dissolved in hot water and placed in 
the refrigerator where the acid salt of guanylic acid settled out as 
a gelatinous mass which was filterable without much difficulty. 

In the early part of the work attempts were made to obtain 
crystalline sodium salts of this substance. The experiments were 
in a way successful but were later abandoned when a more con- 
venient method for purification of the crude guanylic acid was 
devised. 


Purification of the crude guanylic acid. 


The crude guanylic acid was suspended in water and sulphuric 
acid added until solution was complete. A solution of mercuric 
sulphate was then added as long as a precipitate formed. This 
was filtered and washed well with hot water. The precipitate 
was well suspended in water and completely decomposed by hydro- 
gen sulphide. The mercuric sulphide was filtered off and a slight 
trace of free sulphuric acid in the filtrate removed quantitatively 
with barium hydrate. The solution so prepared, containing the 
practically pure acid, contrary to that of the crude material, does 
not gelatinize. The addition of small quantities of alkali causes 
gelatinization. For isolation the acid was first converted into 
the brucine salt. 


Brucine salt of guanylic acid. 


For this purpose the acidity of the solution was determined by 
titration and an equivalent amount of commercial brucine dis- 
solved in a little alcohol was added. Crystallization began at 
once. Under the microscope the salt appeared as rosettes of thin 
colorless rectangular plates. On longer standing in the ice box 
more of the salt crystallized in long thin plates which were visible 
to the naked eye. The salt was filtered and dried. 

It is very difficultly soluble in cold water, alcohol and other 
neutral organic solvents. It is more soluble in hot water and hot 
dilute alcohol. Thirty per cent alcohol is best for recrystallization. 
It crystallizes completely from this only on long standing. So 
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prepared it is pure for analysis. For analysis it was dried in 
vacuum over phosphorus pentoxide at 110°. 







0.2852 gram substance gave 29.6 cc. N at 31°, 756 mm. 
0.3102 gram substance gave 0.0296 gram Mg2P.20;. 












Calculated for 
CroHis NsOsP.2Cos Hoe N20: Found: 


Psa ied ncaa dace Meek rs an tae kat 10.94 11.00 
2.65 












Barium salt of guanylic acid. 






For further characterization the barium salt was prepared. 
For this purpose the ammonium chloroform method described in 
the article on the thymus nucleic acid was employed. The aque- 
ous solution of the ammonium salt was then converted by dis- 
tillation with barium hydrate into the barium salt. The barium 
salt remained as a difficultly soluble residue. When the barium 
was over added a basic salt was formed which analysis showed to 
have approximately two molecules of barium. 

The second barium is probably contained in the guanine nucleus 
since this is known to form a barium salt. This basic salt is more 
soluble in water than the neutral salt and reacts strongly alkaline. 
The difficulty of obtaining this pure caused us to prepare the 
neutral salt. For this purpose the above mixture was freed quanti- 
tatively from barium with sulphuric acid and the clear filtrate 
obtained treated with pure barium hydrate solution until just 
neutral to phenolphthalein. The neutral barium salt settled at 
once as a difficultly soluble white amorphous powder. It was 
filtered, washed rapidly with water, then successively with alcohol 
and ether and dried. 

For the analysis it was dried in vacuo over phosphorus pent- 
oxide at 110°. 























0.2218 gram substance gave 0.1944 gram CO,; 0.0559 gram H,0O. 
0.2286 gram substance gave 0.0321 gram N (Kjeldahl). 
0.2367 gram substance gave 0.0333 gram N (Kjeldahl). 
0.2257 gram substance gave 0.0492 gram Mg:2P20,. 
0.2119 gram substance gave 0.0935 gram ash (Ba2P:0;). 
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Guanylic Acid 


Calculated for 


CioH12 NsOsPBa: Found: 
Oi Shai eid a8 AR oe eee 24.10 23.91 
ECE PL epee a” NT Cag tee Wye 2.41 2.80 
I Il 
da tensa: Gh ead od a aches arte each ac atliad eae 14.06 14.06 14.05 
gg NEE Se eli bie aie Perea Si a ME 6.22 6.07 


BaeP.O; eeCeere nw eb eséb6 ce Vbese wew h 44.98 44.12 


When exposed to the air it absorbs carbon dioxide. 

For the optical determination of the pure guanylic acid the barium salt 
was dissolved in acid. 0.3075 gram dry substance was dissolved in 4 ec. 
of n HCl. Total weight of the solution, 4.347 grams. In a2dm. tube with 
D-light at 25° it rotated 0.13° to the left. Calculating for the free acid and 
without regard for the specific gravity, 


[a] = — 1,27° 
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For the preparation of the glucosides of sugars two general 
methods have been devised by Fischer.! In one, the alcoholic 
solution or suspension of the sugar is saturated with hydrochloric 
acid. From the resulting mixture the hydrochloric acid is neutral- q 
ized with barium carbonate and removed as barium chloride. 
But the great expenditure of time and labor required by the 
repeated concentrations and extractions with alcohol led Fischer 
to devise a second method.? In this the sugar and alcohol are 
heated with a small amount of dry hydrochloric acid for thirty to 
fifty hours and the small amount of hydrochloric acid removed by 
silver oxide. In this method the reaction is not complete and 
moreover requires several days. 
In the work which required the preparation of large quantities 
of these compounds, .we were led to a simple modification of 
Fischer’s first method which enabled us to prepare the glucosides 
within a day and in good yield. This device was used in one 
instance by Fischer himself, but was not recommended as a 
general method. As it may be found of service to other workers 
the method is described here in detail: 
The solution or suspension of one part of the powdered sugar 
in ten parts of the dry alcohol is saturated with hydrochloric 
acid with cooling as in Fischer’s first method. After standing 
one hour all reducing power disappears. The mixture is then 
concentrated to one-fourth its volume in vacuo at 20° and then 

























1 Ber. d. deutsch. chem. Gesellsch., xxvi, p. 2400. 
2 Ibid., xxviii, p. 1145. 
* Tbid., xxvii, p. 2484. 






ne 


a ta ret apis get a+ 
1 RS gah CN am Aa . > os . 


a 


: 
; 
f 


428 Preparation of Glucosides 


poured into ordinary alcohol containing a few cubic centimeters 
of acetic acid. The excess of hydrochloric acid is removed by 
adding a fine suspension of pure lead carbonate in a little water 
until the mixture no longer reacts acid to congo paper. The 
filtrate, after treatment with hydrogen sulphide, is then concen- 
trated in vacuo and the glucosides isolated as usual. 








A NOTE ON THE REMOVAL OF PHOSPHOTUNGSTIC 
ACID FROM AQUEOUS SOLUTIONS. 






By W. A. JACOBS. 
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(Received for publication, July 19, 1912.) 






For the removal of the excess of phosphotungstic acid from the 
mother liquor, after the precipitation of phosphotungstates from 
aqueous solutions, the usual procedure is precipitation with barium 
hydrate. The precipitate formed is generally very voluminous 
and where the mother liquor contains valuable material the loss 
through adsorption is apt to be great. Winterstein has already 
pointed out that this difficulty may be overcome by shaking out 
the solution with ether. In this method a mechanical difficulty 
enters since the solution separates into three layers, the lowest 
being an oily layer of ether dissolved in phosphotungstic acid, a 
middle aqueous layer and a top ethereal layer. The lowest layer 
disappears after several shakings but the operation must still be 
repeated many times and eomplete removal of the phosphotungstic 
acid is not assured. In amyl alcohol was found a means of quickly 
attaining this end. The partition coefficient of phosphotungstic 
acid between water and amyl alcohol is enormously in favor of 
the latter so that if sufficient amy] alcohol is employed after allow- 
ing time for complete separation of the layers practically all the 
phosphotungstie acid is removed by one shaking. If the alcohol 
is added in small portions the amyl alcohol phosphotungstic 
mixture settles as an oil. When this is repeated with fresh amy] 
alcohol once or twice, depending upon the amount of phospho- 
tungstic acid present, the amyl alcohol finally floats on the top. 
The phosphotungstic acid is then completely removed from the 
aqueous solution. 

When this method is to be employed one must be assured that 
the substances sought in the aqueous solution are not soluble in 





















429 


430 Removal of Phosphotungstic Acid 


amyl alcohol. If this is the case, the addition of ether to the 
amyl alcohol, even to 80 per cent, may reduce thissolubility without 
impairing the usefulness of the alcohol as an extracting agent 
for phosphotungstic acid. In some cases where phosphotungstates 
themselves are soluble in hot or cold water we have been able to 
decompose them by this means with a great saving of time, labor 
and material. 





PROTEIN METABOLISM IN EXPERIMENTAL DIABETES. 


By A. I. RINGER. 


? 
(From the Department of Physiological Chemistry of the University of 
Pennsylvania.) 


(Received for publication, July 27, 1912.) 
I. 


One of the most striking phenomena in experimental diabetes 
is the very marked rise in the protein catabolism. Minkowski,! 
Hedon? and Falta® called attention to it in cases of depancreatized 
animals. Lusk‘ and his pupils showed it to exist in phlorhizin 
glycosuria. The increase in the protein catabolism above the star- 
vation requirements has been found by Lusk to be from 400 to 560 
per cent in dogs and 238 per cent in a goat. 

In pancreatic diabetes as well as in phlorhizin glycosuria, the 
amount of glucose in the urine bears a fairly constant relationship 
to the nitrogen. Depancreatized dogs yield approximately 2.8 
grams of glucose to every gram of nitrogen. Phlorhizinized her- 
bivorous animals eliminate glucose and nitrogen in approximately 
the same ratio. Dogs, however, present a much higher ratio, 3.6 
to 1. 

From experiments by Lusk,’ Arteaga,® Cremer’ and others, we 
note that in herbivorous animals, during phlorhizin diabetes, the 
protein metabolism does not rise as much above the starvation 
requirements as it does in the dog, which yields a higher D:N ratio. 


1 Minkowski: Arch. f. exp. Pathol. u. Pharm., xxxi, p. 149, 1893. 

2? Hedon: Arch. d. Physiol., 5th series, iv, p. 258, 1892. 

3 Falta, Grote und Stahelin: Beitr. z. chem. Physiol. u. Path., x, p. 199, 
1907. 
4Graham Lusk: Zeitschr. f. Biol., xxxvi, p. 82, 1898; Reily, Nolan and 
Lusk: Amer. Journ. of Physiol., i, p. 397, 1898. 

5 Lusk: loc. cit. 

6 Arteaga: Amer. Journ. of Physiol., vi, p. 173, 1901. 

7 Cremer: Miinch. med. Wochenschr., xl, p. 274, 1893. 
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In the experiments reported below an attempt was made to find 
the factors that govern the protein metabolism in phlorhizin 


glycosuria. 
TABLE I. 


Twenty-four-hour periods. 


TOTAL NITROGEN! TOTAL | GLUCOSE ey 
PERIOD | WEIGHT iITROGEN PERHOUR | GLUCOSE | PER HOUR D:N | auanee 
a - . — — 


0.111 | ‘Fasting. 

0.276 | 34.61 | 1. 5.22 Phlorhizin. 
0.340 34.64 | 4.27 Phlorhizin. 
0.403 34.94 — 3.60 Phlorhizin. 
0.353 31.68 | 3.74 Phlorhizin. 
0.402 31.44 3.26 Phlorhizin. 


I 11.92 
II 11.28 
III 10.70 
IV 10.40 
Vv 10.00 
VI 9.75 


NO MWDMARW 
SERRESS 


VII .9.40 | 0.311 | 25.92 | 1. 3.47 /Phlorhizin. 


The results in table I represent the course of a typical phlor- 
hizin experiment. It is one record of a great many. The animal 
was allowed to fast for three days prior to the administration of the 
phlorhizin. Period I is the third fasting day. Beginning with the 
morning of the second period, phlorhizin in two-gram doses, dis- 
solved in 25 ce. of warm 1.5 per cent NagCO; solution was adminis- 
tered subcutaneously three times per day. The animal fasted 
throughout the course of the entire experiment. 

During the first period the animal eliminated 2.66 grams of 
nitrogen. From experiments on starving normal animals we know 
that the elimination of a similar amount of nitrogen per day would 
have kept up had no phlorhizin been given. The administration 
of phlorhizin resulted in the immediate appearance of glycosuria 
and in a concomitant rise in the protein metabolism. This took 


TABLE II. 
Experiment by Lusk: Amer. Journ. of Physiol., i, p. 397. 


} TOTAL NITROGEN TOTAL GLUCOSE r 
| ° 
Faanee Waeee NITROGEN PER HOUR GLUCOSE PER HOUR D:N Semages 


Fasting. 
Fasting. 
Phlorhizin. 
Phlorhizin. 
Phlorhizin. 
Phlorhizin. 


21.4 4.04 
4.17 
12.66 
18.76 
18.57 
17.29 


Ise us 
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TABLE III, 
Dog 19. 


REMARKS 


NITROGEN 
PER HOUR 
GLUCOSE 
GLUCOSE 
PER HOUR 


TOTAL 
TOTAL 


PERIOD 
NITROGEN 


| WEIGHT 


| 


April, 1912 
(Third 
8; starving 
|day).... 2. 0.388 0.097 Normal and 
starving. 

8 1.83 0.1126 Normal and 
starving. 

9 0.455 0.152 4.44 .48 9.76 Phlorhizin 
administra- 
tion com- 
menced. 

a) IV 3.0 0.4900.163 4.016 

i) V 3.0 0.635 0.2116 3.55 

8) VI * 3.0 0.7770.259 3.65 

i) VII 12.0 3.82 0.319 

10 VIII 12.41 3.0 1.035 0.345 3.85 

10° IX 3.0 1.145 0.382 | 3.79 

10 X 3.0 1.195 0.398 3.77 

10 XI 3.0 | 1.15 0.383 | 3.80 

10 XII 12.0 | 4.94 0.412 15.18 

11 XIII 12.35 3.0 1.25 0.416 4.011 


Experiment continued for other purpose. 


place gradually until it reached its highest level, on the third day, 
when Lusk’s D:N ratio became established. If uninfluenced by 
external factors, it remains at that high level until shortly before 
death, when it declines slightly. 

In table II an experiment is reproduced, which was published 
by Reilly, Nolan and Lusk*® about fifteen years ago. Its object 
here is to Jlustrate the similarity of the behavior of dogs of dif- 
ferent sizes. 

In table III a detailed study is presented of the nitrogem and 
glucose metabolism during the first two days of phlorhizin glyco- 
suria. In this, as in all other phlorhizin experiments, it is to be 


8 Reilly, Nolan and Lusk: loc. cit. 
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noted that the glucose elimination runs fairly constant throughout 
the course of the experiment. The nitrogen, however, is a very 
variable factor, and it is always the variable factor in the D:N 
quotient. 

Before we attempt to further discuss the causes of this peculiar 
rise in the protein metabolism, it will be well to review the theories 
advanced in explanation of the mechanism of phlorhizin glycosuria. 


II. 


Von Mering,’ in his early experiments on phlorhizin glycosuria, 
found a concentration of 0.09, 0.095 and 0.082 per cent of glucose 
in the blood of dogs which excreted 6.5, 9.2 and 8.6 per cent of 
glucose in the urine. He demonstrated that hyperglycaemia was 
not a necessary factor in the production of glycosuria, and suggested 
that the kidney might be the seat of the changes brought about by 
the phlorhizin. Minkowski'® corroborated the findings of Von 
Mering and also showed that after the administration of phlorhizin, 
there was a decided decrease in the sugar concentration of the blood, 
and that nephrectomy was not followed by an increase in the glu- 
cose concentration. These findings practically paved the way for 
the classical experiments of Zuntz. He injected some phlor- 
hizin in the renal artery of one side and was able to demonstrate 
the appearance of glycosuria on that side some time before it 
appeared on the other. It took fully half an hour before the quan- 
tity of glucose eliminated on the second side equalled that of the 
first. This work was further strengthened by the results of Bied] 
and Kolisch,” in which they demonstrated the fact that the perfused 
extirpated kidney becomes permeable to sugar after the addition 
of phlorhizin. 

If the kidneys were not the only seat of attack of the phlorhi- 
zin, and if phlorhizin per se had any influence on the sugar burning 
capacity of the cells of the body, nephrectomy should have been 
followed by a rise in the glucose concentration of the blood, as is 


* Von Mering: Zeitschr. f. klin. Med., xvi, p. 433, 1889. 


10 Minkowski: loc. cit. 
11 Zuntz: Du Bois-Reymond’s Archiv f. Physiol., 1895, p. 570. 
12 Biedl and Kolisch: Verhand. d. 18ten Kongresses f. innere Medizin, 


p. 573, 1900. 
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the case in pancreatic diabetes (Minkowski, ef al.). This, however, 
did not take place. 

QO. Loewi,” employing a very clever method of experimentation, 
arrived at the conclusion that in normal animals the glucose does 
not exist in the blood in a free crystalloidal form, but combined 
with one of the colloids. This colloidal combination cannot pass 
the kidney membrane. The phlorhizin affects the cells of the 
tubules of the kidneys in such a way as to bring about a dissocia- 
tion of the glucose from the colloids. The glucose is then secreted 
into the tubules. There, by its power of adsorption, it holds on, 
and thus prevents the reabsorption by the tubules of the water 
which has been filtered through the glomeruli, resulting in a “ pas- 
sive’”’ diuresis. 

Loewi’s conclusions do not stand unchallenged. Michaelis and 
Rona,“ and Rosenfeld and Ascher” do not believe that the sugar 
circulates in the blood in a combined state. However this may be, 
as far as our present means of investigation go, the fact stands 
proven that the kidneys are the only or at least the most important 
seat of attack of the phlorhizin. The character of the attack, how- 
ever, is still in the domain of speculation. 

Normally, when sugar is fed to an animal, there is an increase in 
the concentration of the glucose in the blood. There is an increase 
in the process of diffusion of glucose from the blood to the cells of 
the body, where it is either oxidized or converted into the still more 
stable form of glycogen, to await further need. The concentra- 
tion in the blood then comes down to its normal level. 

In starvation, the process is reversed. The stream of diffusion is 
in the opposite direction to maintain the concentration of glucose in 
the blood, which undoubtedly always tends to sink, because of the 
withdrawal of glucose from the blood by the very active organs 
which themselves do not store glycogen to any considerable extent, 
like the heart and glands. 

From the aforesaid, one can easily conceive that some sort of 
equilibrium normally exists between the amount of glycogen in the 


13Q, Loewi: Arch. f. exp. Pathol. u. Pharm., xiviii, p. 410, 1902; 1, p. 
326, 1903. “ 

14 Michaelis and Rona: Biochem. Zeitschr., vii, p. 329, 1907. 

15 Rosenfeld and Ascher: Centralbl. f. Physiol., xix, No. 14, 1905. 
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cells and the concentration of sugar in the blood. After the admin- 
istration of phlorhizin, when sugar begins to be-poured out by the 
kidneys, this equilibrium is disturbed, with the negative balance 
on the side of the blood. From the fact that the blood shows a 
remarkable persistence in maintaining its glucose concentration at 
the level of about 0.07 to 0.10 per cent in different conditions of 
nutrition in health and disease, except in pancreatic diabetes and 
diabetes mellitus, it becomes evident that there must be some 
teleological reason for it. And that these factors should be at 
play in mobilizing the carbohydrates from the glycogen depots 
in cases where the blood is depleted of its glucose (phlorhizin 
glycosuria) seems very probable. 

With the rapid withdrawal of glucose from the blood by the kid- 
neys, the concentration of the glucose in the blood tends to sink. 
The diminution, however, is adequately compensated for as long 
as there is plenty of glycogen. Should the supply of the latter 
become low, the protein will be called upon to contribute to the supply 


of glucose in the blood. 


The protein metabolism on the first day of phlorhizin glyco- 
suria is always increased, but the increase depends upon the amount 
of glycogen the animal has at its disposal. If the animal has been 
in good condition of nutrition with an abundant supply of glycogen, 
the depletion of the system of its glucose is compensated for almost 
entirely by the glycogen. This is evident from the experiment 
recorded in table III, in which the D:N ratio is exceedingly high 
during the first six hours of the glycosuria, while there is but a 
slight rise in the nitrogen elimination. The protein reaches the 
highest level of catabolism at about the second or third day of the 
glycosuria, when it is the sole contributor to the glucose supply of 
the blood. At this stage, Lusk’s quotient of D:N = 3.6:1 becomes 
established. It represents the maximum destruction (Einschmel- 


‘ gung) of protein in its attempt to maintain the glucose concentra- 


tion of the blood, and it also represents the maximum amount of 
glucose that can be produced from protein. 

In the foregoing, the hypothesis has been presented that the 
diminution in the concentration of glucose in the blood is an essen- 
tial factor in the rise of protein metabolism. Experimental evi- 
dence which leads to that conclusion will now be presented. 
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Ill. 


The sparing influence of carbohydrates on the protein metabo- 
lism has been well established. Lusk’s" early researches show to 
what extent the protein metabolism will be increased after suddenly 
removing carbohydrates from the diet, whereas Rubner,'’ Lander- 
gren,'® Cathcart! and others have shown it to have the power of 
reducing the starvation requirements of protein. 

Kayser”? showed that by replacing the carbohydrates from the 
diet by an isodynamic quantity of fat, the nitrogen metabolism 
increases. Throughout the whole experiment, lasting ten days, 
the calorific value of the diet was kept fairly high and constant 
(2556 to 2607 Calories). The amount of nitrogeningested was 21.1 
to 21.5 grams. The nitrogen-free substances of the first four days 
and of the last three days consisted of 71 grams of fat and 338 grams 
of carbohydrate. During the three days of the intermediary 
period, the same amount of nitrogen was ingested, but all of the 
carbohydrate was replaced by an isodynamic quantity of fat, 7.e., 
21 grams of nitrogen + 220 grams of fat. The urinary analyses 
showed the following amounts of nitrogen per day: 


gms. gms. gms. gms. 
First period of 4 days. Mixed diet 17.4 18.8 19.31 20.1 
Second period of 3days. Protein and fat. 22.2 22.9 25.4 
Third period of 3 days. Mixed diet 20.8 18.4 18.8 


Landergren,” in a series of very beautiful experiments on man, 
showed that in specific nitrogen hunger and on a rich carbohydrate 
diet, the nitrogen metabolism will be reduced to a minimum and 
will reach the lowest level on the fourth day, when less than 4 
grams will be eliminated. These findings have since been corrobo- 
rated by Cathcart.” 

In experiment VIII of his researches, Landergren gave a man, 
weighing 69.7 kilos, a diet of 0.2 gram of nitrogen, 737.5 grams of 


1% Lusk: Zeitschr. f. Biol., xxvii, p. 459, 1890. 

17 Rubner: Gesetze des Energieverbrauches bei der Erndhrung, pp. 71, 78. 
18 Landergren: Skand. Arch. f. Physiol., xiv, p. 112, 1903. 

19 Cathcart: Journ. of Physiol., xxxix, p. 311, 1909. 

20 Kayser: Beitrdge zur Lehre vom Stoffwechsel, ii, p. 1, 1894. 

21 Loc. cit. 

22 Loc. cit. 
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carbohydrate and 17 grams of alcohol per day for four days. The 
calorific value of this diet was 3150 Calories or 45.2 Calories per kilo 
of body vight. On the fifth day all of the carbohydrates of the 
’ diet were .cplaced by an isodynamic quantity of fat (304 grams fat, 
30.4 grams alcohol = 3048 Calories). This diet was given for 
three days. The urinary analyses showed the following amounts 


of nitrogen per day: 


Carbohydrate period Fat period 


0 T Ill IV : ihe Aisi VI Vil 
12.76 8.91 5.15 4.30 3.76 4.28 8.86 9.64 


—_—_—— 





In his paper on the Influence of Carbohydrates and Fats on 
Protein Metabolism, Cathcart® reports a similar experiment per- 
formed on a man in specific nitrogen hunger. He was kept for 
five days on a diet containing 454 grams of banana meal and 230 
grams of honey (32 Calories per kiloof body weight). Onthe sixth 
and seventh days the carbohydrate was replaced by a diet of butter 
and cream, a little higher than isodynamic (35 Calories per kilo). 
The urinary analyses showed the following amounts of nitrogen per 
day: 


. Carbohydrate period Fat period 


-—--_---_-" Sn 





a 


I iI Ill IV V vi VII 
6.79 6.40 4.77 4.79 4.39 4.83 8.13 


These two experiments stand in absolute agreement in showing 
that the catabolism of protein in the body on a pure carbohydrate 
diet is at least one-half as much as on a diet containingan isody- 
namic quantity of fat. 

How can we explain this peculiar difference between two food- 
stuffs, which dynamogenetically replace each other quantitatively? 

The total metabolism of the cells of the body, according to Rub- 
ner* is determined by its requirement for kinetic energy. It does 
not make much difference which of the foodstuffs is called upon to 
satisfy this requirement. It probably depends upon the concen- 
tration of the different foodstuffs in the fluids of the body includ- 
ing those of the protoplasm. Here, the protein, carbohydrates 
and fats replace each other in isodynamic quantities. Assuming 


% Loc cil. 
*% Rubner: v. Leyden’s Handbuch, i, p. 78, 1898. 
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that the cells exercise free selection and that the concentration of 
the body fluids is equally rich in all of the foodstuffs, the protein 
will be attacked first, carbohydrates next and lastly the fats. 
According to E. Voit®® this order is determined by the affinity of 
the cells for the individual foodstuffs. In addition, the carbo- 
hydrates, because of their aldehyde and ketone groups, probably 
maintain a much more labile equilibrium than do the fats, and so 
burn much quicker, and thus spare the burning of protein. Rub- 
ner also believes that the relative sizes of the molecules of carbo- 
hydrates and fats have a great deal to do with the velocity of absorp- 
tion and penetration into the cells, and that these factors give the 
advantage to the carbohydrates. 

Landergren, however, does not accept this hypothesis. From 
his own experiments, and those of Talquist,* he concludes that 
the physical and chemical differences between the carbohydrates 
and fats are not sufficient to explain the difference in their protein 
sparing properties. He believes that when a condition arises in 
which the animal body has no carbohydrate at its disposal the body 
must prepare it from its own material. Since a physiological 
transformation of fat into sugar has never been proven, he assumes 
that the protein is the sole contributor to the formation of glucose. 
The constancy of the concentration of sugar in the blood in cases 
of prolonged starvation speaks very much in favor of this hypoth- 
esis. The giving of carbohydrate therefore spares that amount 
of protein catabolism, while a diet of fat does not. The protein 
metabolism must then be assumed to consist of three component 
parts: 

1. The “minimal nitrogen requirement”? which represents the 
amount of protein that is catabolized during specific nitrogen 
hunger, when the body receives all its calorific requirements in the 
form of carbohydrates, or carbohydrates and fats in equal calorific 
quantities. This amounts to about 4 grams of nitrogen per day in 
a full grown man, and corresponds to Rubner's “wear and tear 
quota.” 

2. The “dextrose nitrogen’’ which represents the amount of 
protein that is catabolized in excess of the “‘minimal nitrogen 


* E. Voit and A. Korkunoff: Zeitschr. f. Biol., xxxii, p. 135, 1895. 
26 Talquist: cited by Landergren. 
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requirement” in case of specific nitrogen hunger and in the absence 
of carbohydrates from the diet, 7.e., when the calorific require- 
ment is covered exclusively by fat. This amounts to about 4 or 
5 grams of nitrogen per day. 

3. The “complementary nitrogen” which represents the amount 
of protein catabolized for dynamogenetic purposes in cases of 
starvation in excess of 1 and 2, or when large quantities of protein 
are added to the diet. 

The nitrogen value of 1 cannot be reduced by carbohydrates or 
fats. It can be replaced only by protein. The nitrogen of 2 can 
be spared by a sufficient supply of carbohydrates (50 per cent of 
calorific requirements). It cannot be spared by fat. The nitrogen 
of 3 can be spared by any foodstuff. 

Phlorhizin glycosuria and pancreatic diabetes offer a very good 
opportunity for the study of this problem. In both do we meet 
with a tremendous rise in the protein metabolism and in both is 
there an absence of glucose combustion. Thanks to the researches 
of Lusk, the relationship between the protein metabolism in phlor- 
hizin glycosuria and normal starvation has been worked out to a 
high degree of accuracy. A perusal of the literature on pancreatic 
diabetes, however, reveals the fact that in very few experiments 
has any attention been paid to this. The works of Falta, Grote 
and Stéhelin?’ cannot be relied upon because of the fact that their 
animals had febrile temperature, which is a very disturbing factor 
in the study of protein metabolism. 

The only satisfactory experiments are those of Falta and Whit- 
ney,”® part of which is reproduced in table IV. For four days they 
studied the protein metabolism of a normal starving dog. On the 
fifth day the pancreas was removed. The analysis of the urine 
commenced two hours after the extirpation of the pancreas. 

The average daily elimination of nitrogen during the foreperiod 


Aina i Tae 4 Hc oa 4.20 grams. The highest 
amount of nitrogen eliminated during the diabetes was 12.01 grams, 
1.€., ap increase of 286 per cent above the starvation requirements. 
This is decidedly lower than the increase in the protein catabolism 


27 Falta, Grote and Stahelin: Loc. cit. 
28 Falta and Whitney: Beitr. z. chem. Physiol. u. Pathol., xi, p. 224, 1908. 
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TABLE IV. 





NITROGEN . 
y N GEN }LUCOSE 3 ,EMARK! 
PERIOD WEIGHT NITROGEN pen HouR GLUCOSE D:N REMARKS 










I 17.35 Normal starv- 















ing. 


II 






Extirpation of pancreas. 








Lig 15.68 11.52 0.48 27 .02 2.35 
VI 14.89 11.83 0.49 38 .04 3.15 
VII 11.98 0.50 34.54 2.88 
VIII 14.08 12.01 0.50 38.25 3.18 


‘ Analyses were made for fourteen hours; calculated by the author for twenty-four hours. 










that is usually associated with phlorhizin glycosuria. There is no 
question but that the increase in nitrogen elimination in pancreatic 
diabetes is due to dynamogenetic reasons only, for this condition ig 
always associated with hyperglycaemia, and, under ordinary cir- 
cumstances,”? with complete cessation of the utilization of glucose. 

In phlorhizin glycosuria, under conditions of not too great admin- 
istration of carbohydrates, we also meet with complete cessation 
of the utilization of glucose, but this condition is associated with a 
decided hypoglycaemia and a rise in the protein metabolism above . 
the starvation requirements, to a much greater extent than in pan- 
creas diabetes. If Landergren’s hypothesis is true, that the pro- 
tein metabolism is to a certain extent dependent upon the concen- 
tration of glucose in the blood and body fluids, then, the feeding of 
glucose to phlorhizinized dogs, in quantities small enough not to 
exceed ‘‘the diffusion level,”’ ought to be followed by a lowering in 
the protein metabolism (t.e., sparing of fraction 2. See page 439). 
On the other hand, the giving of a similar quantity of glucose to a 
depancreatized animal ought to be followed by no depression in the 
protein metabolism. 

The experiments reported below were performed with the object 
of testing the truth of this hypothesis. 
























2° That is, if not accompanied by the administration of too large quanti- 
ties of carbohydrate. 
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TABLE V. 
Twenty-four-hour periods. 


~) 
> 
< 
— 
~ 


REMARES 


| PERIOD 
WEIGHT 
TOTAL 
NITROGEN 
TOTAL 
GLUCOSE 


14.40 52.08 3.62 Fasting. 
9.32103.10 11.06 75 grams of glucose given per os in siz 
doses. 


— 
—) 
<< m 


V 14.00 50.95 3.64 
VI 7.18127.17 17.71 150 grams of glucose as above. 
VII 7.78 56.29 7.23 


TABLE VI. 
Twenty-four-hour periods. 





II 12.25 


III 12.00 10. : 100 grams beef heart and 75 grams lard. 

IV 

V 11.34 9.08 59. .58 | 25 grams glucose given per os during 
day. 

VI 11.21 10. ; 3.75 100 grams beef heart and 75 grams lard. 


TABLE VII. 
Dog 17. Twelve-hour periods. 


REMARKS 


| PERIOD 
| WEIGHT 
NITROGEN | 
TOTAL 
GLUCOSE 
o 
Z 


3.79 Fasting. 

11.30 49 grams of glucose given per os. 
6.28 
4.10 


or em & C1 | TOTAL 


SREY 
SNSs 


S8as 


TABLE VIII. 
Pancreas diabetes. Dog 12. Twenty-four hour periods. 





7.93 7.09 16.92) 2.38 | 
68 6.48 17.57 2.71 | 

6.88 64.80 9.42 40 grams of glucose given per os. 
08 12.41 39.54) 3.19 | 300 grams of beef heart. 


14.25 36.27) 2.54 | 
7.07 15.46 40.07 2.60 { 400 grams of beef heart. 
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Dog 11 was phlorhizinized in the usual manner and the D:N 
ratio established. Seventy-five grams of glucose'dissolved in water 
and divided into six doses were given per os on the fourth day of the 
glycosuria. One hundred and fifty grams were given on the sixth 
day. 

From the D:N ratio on the third and fifth days, we may safely 
assume that the phlorhizin intoxication was complete and that the 
protein metabolized on the fourth, sixth and seventh days yielded 
3.6 grams of glucose for every gram of nitrogen. 

The amount of glucose eliminated on the fourth day was 103.1 
grams. By subtracting 33.55 grams, which originated from the 
protein (9.32 < 3.6), we find that 69.5 grams of the 75 grams of 
glucose fed were eliminated unburnt. By applying similar calcu- 
lations to the results obtained on the sixth and seventh days, we 
find that the protein metabolized during the sixth day yielded 
(7.18 & 3.6) = 23.85 grams of glucose and during the seventh 
day (7.78 X 3.6) = 28.01 grams. The total amount of glucose 
eliminated during these two days was 183.46 grams. By sub- 
tracting the glucose that was derived from the protein, we find that 
131.6 grams of the .150 grams of glucose ingested were eliminated 
unburnt. 

The nitrogen metabolism was diminished by a little more than 
5 grams on the fourth day and was reduced almost 50 per cent on 
the sixth and seventh days. If the increase in the protein meta- 
bolism in phlorhizin diabetes were due to dynamogenetic reasons 
only, the burning of 5.5 grams of glucose on the fourth day could 
not have spared the combustion of 31.8 grams of protein. Nor 
could the burning of 18.4 grams of glucose on the sixth and seventh 
days have spared as much as 81 grams of protein. 

It is also noteworthy in this experiment that the 150 grams of 
glucose given within twelve hours were not eliminated completely 
during the first twenty-four hours, but were carried over to a 
great extent to the second twenty-four hours. 

Dog 15 was phlorhizinized and fed 75 grams of lard and 100 
grams of beef heart per day. This covered approximately his 
calorific requirements. During period V, 25 grams of glucose were 
added to his diet and were administered in six doses. The amount 
of glucose eliminated on that day was 59.78 grams. By sub- 
tracting the amount of glucose that originated from the 9.08 grams 
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of protein [59.78 — (9.08 * 3.6) = 27.1] we find that 27.1 grams 
of extra glucose Were eliminated on that day. It is absolutely 
certain that none of the glucose fed was burnt, and still there is a 
decided diminution in the protein metabolism. 

Dog 17 was treated like Dog 11. During period II the animal 
received per os 49 grams of glucose. The D:N ratio in period IV 
was still high, showing that extra glucose was still being eliminated. 
The total amount of glucose eliminated during periods IT, III and 
IV was 94.57 grams. The total] nitrogen eliminated during these 
periods was 13.49 grams, which could give rise to 48.56 grams of 
glucose. By subtracting this from the total, we find that from the 
49 grams of glucose administered, 46 were recovered in the urine. 
The total nitrogen, in this case as in the two previous experiments, 
was considerably reduced during the “glucose’’ period. 

Dog 12 had its pancreas removed about three weeks before the 
experiment was commenced. The operation was performed by 
Dr. J. E. Sweet of the Department of Experimental Surgery. 
That the pancreas was completely removed, we assume from the 
character of the D:N ratio, which was close to the one established 
by Minkowski. On the third day of the experiment the animal 
received 40 grams of glucose, administered per os in six doses. 

This experiment shows, in a very striking manner, the difference 
between pancreatic and phlorhizin glycosuria. Whereas the giving 
of glucose to phlorhizinized animals is invariably associated with a 
lowering of the protein metabolism, this phenomenon is not observed 
in pancreatic diabeies. 

These experiments support the hypothesis of Landergren. They 
show that a certain amount ef protein in phlorhizin glycosuria can 
be spared by glucose although the glucose is not burnt, but is eliminated 
quantitatively in the urine. 

The question of dynamogenesis can be left out entirely, for in 
Dog 15 every gram of glucose was recovered in the urine. We 
must then assume the existence of a fraction of protein metabolism 
that is spared by the mere presence of glucose in the circulation. 
It exists as a factor distinct from the “wear and tear quota’”’ (mini- 
mal nitrogen requirement’’) and also distinct from the “comple- 
mentary fraction.” 

One other important fact to be noted is the difference between 
the nitrogen curves presented by the phlorhizinized and depancrea- 
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tized dogs during the onset of glycosuria. In phlorhizinized ani- 
mals the nitrogen reaches the highest level on the second or third 
day, whereas in the depancreatized dog, the protein metabolism 
rises at once to the highest level (see tables I, II, ITI and compare 
with IV). 


SUMMARY. 


1. Experiments were performed which showed that in phlor- 
hizin glycosuria the protein metabolism rises in part because of the 
hypoglycaemia that is present in that condition. 

2. The giving of small quantities of glucose to phlorhizinized 
animals results in a sparing of protein, although all of the glucose 
is eliminated in the urine and none of it is burnt. This lends sup- 
port to Landergren’s hypothesis, which assumes that in starva- 
tion, a certain fraction of protein is metabolized for the formation of 
glucose, and that this fraction can be spared by carbohydrates and 
not by fat. 

3. The protein metabolism above the starvation requirement in 
pancreatic diabetes does not rise as high as in phlorhizin diabetes. 

4. The giving of glucose to a dog with pancreatic diabetes does 
not spare any protein. 

5. It is suggested that the protein metabolism is lower in pan- 
creatic than in phlorhizin diabetes because of the hyperglycaemia 
which prevents the catabolism of the so-called “dextrose protein.”’ 
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CONCERNING THE ORGANIC PHOSPHORIC ACID 
COMPOUND OF WHEAT BRAN. 






PRELIMINARY REPORT. THIRD PAPER ON PHYTIN. 





By R. J. ANDERSON. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva, N. Y.) 








(Received for publication, July 29, 1912.) 








INTRODUCTION. 






In the last two papers dealing with the chemistry of phytin! 
various salts of phytic acid with organic bases, as well as various 
phosphoric and pyrophosphoric acid esters of inosite, have been 
described. In connection with this work the subject of the organic 
phosphorus compound of wheat bran was taken up. 

Patten and Hart? had shownthat wheat bran contains an organic 
phosphorus body which on cleavage with 30 per cent sulphuric 
acids in a sealed tube gave inosite as one of the products of decom- 
position. They also obtained an acid from a 0.2 per cent hydro- 
chloric acid extract of bran which on analysis gave results corre- 
sponding very closely with the theoretical composition of phytic 
acid, or, as the substance was then called, “anhydro-oxymeth- 
ylene di-phosphoric acid.” These results led them to believe that 
the substance which they had isolated was identical with the or- 
ganic phosphorus compound described by Palladin,’ Schulze and 
Wintersteint and later by Winterstein® and which was finally 
obtained in pure form by Posternak® who gave the substance the 
name “phytin.” 
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1 This Journal, xi, p. 471; xii, p. 97; Technical Bull. 19 and 21, N. Y. Agric. 
Exp. Station, 1912. 

2 Amer. Chem. Journ., xxxi, p. 566, 1904. 

3 Zeitschr. f. Biol., p. 199, 1894. 

4 Zeitschr. f. physiol. Chem., xxii, p. 90. 

5 Ber. d. deutsch. chem. Gesellsch., xxx, p. 2299. 

6 Rev. gén. bot., xii, pp. 5, 65, 1900; Compt. rend. acad. d. sci., cxxxvil, 
pp. 202, 337, 439, 1903. 
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448 Organic Phosphoric Acid of Wheat Bran 


This substance, isolated by Patten and Hart and assumed by 
them to be phytin, has since been regarded as such by Suzuki and 
Yoshimura,’ Neuberg,* Forbes® and others. These authors do 
not, however, report any complete analyses of the substance. 

Since the investigation of the organic phosphorus compound 
of wheat bran by Patten and Hart, several feeding experiments, 
some of which have not yet been published, to determine the physi- 
ological effect of phytin have been carried out at this institution 
by Dr. Jordan. In these experiments it has been found that the 
effect of pure phytin salts differs decidedly from that obtained 
by feeding varying quantities of, washed and unwashed wheat bran.!° 
These anomalous results could not be explained on the assumption 
that only “phytin’” was removed from the bran by washing. 
The problem was still more complicated by the fact that previous 
work had shown that very little besides phosphorus compound 
and inorganic bases had been removed from the wheat bran in the 
process of washing or leaching." 

In the hope of throwing some light on this subject, the chemical 
investigation of the products removed from wheat bran by washing 
it in dilute acid was again taken up. The chief object was to iso- 
late and identify the organic phosphorus body and to determine 
what bases were associated with it. 

If ordinary wheat bran be extracted with 0.2 per cent hydro- 
chloric acid and the resulting filtered extract precipitated with 
aleohol, a body is obtained which, after repeated precipitations 
from 0.2 per cent hydrochloric acid with alcohol, shows a relatively 
uniform composition. ‘The composition varies somewhat depend- 
ing upon the conditions under which the substance is prepared, 
but on an average it has been found to be about as follows: C, 
21.0; H, 3.5; P, 14.0 per cent. The substance also contains cal- 
clum, Magnesium, potassium and sodium in varying amounts, 
together with traces of iron, and it always contains nitrogen varying 
from 2.1 to 0.4 per cent. The nitrogen, however, is not present 
as ammonia. The compound reduces Fehling’s solution on boil- 





7 Bull. Coll. of Agric. Tokyo, vii, p. 498. 

8 Biochem. Zeitschr., xvi, p. 405. 

® Bull. 215, Ohio Agric. Exp. Station. 

1° Amer. Journ. of Physiol., xvi, p. 268, 1906. 
11 Thid., xvi, pp. 274, 304, 1906. 
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ing. It gives reactions with orcine and phloroglucine and yields 
furfurol when distilled with 12 per cent hydrochloric acid. It was 
first described by Patten and Hart” although they do not mention 
the above reactions. As previously stated they considered it 
identical with phytin although according to their analysis it had 
the following composition: 









C, 18.52; H, 3.83; P, 16.38; Ca, 1.13: Mg, 5.80; K, 2.60; N, 0.37 per cent. 






It will be noticed at once that for a salt of phytic acid the above 
compound has about 10 per cent too much carbon and about 6 
per cent too little phosphorus. 

After isolating and purifying some of the substance, as will be 
described in the experimental part, a product was finally obtained 
which had the composition first mentioned above. It was believed 
at first that it was an impure phytin compound, probably associated 
with some carbohydrate group and some complex nitrogen-contain- 
ing body. All attempts to prepare any of the characteristic salts 
of phytic acid from the substance have failed. We have found, 
however, that it is possible by the action of barium hydroxide to 
separate the substance into two constituents, one of which is an 
organic phosphoric acid free from nitrogen, the other a nitrogenous 
substance also containing phosphorus in organic combination. 
The latter has, however, not been obtained in pure form. It has 
not been analyzed and its nature is at present entirely unknown. 

The barium salt of the nitrogen-free body corresponds to the for- 
mula C2;H5s054P9Bas. The isolation of the free acid, CosHgsOs«Po, 
corresponding to the above barium salt, has not succeeded. 
Attempts to isolate it led to an organic phosphoric acid, lower in 
carbon and higher in phosphorus, of the composition CepHssO49P 9. 
In the process of isolation apparently the elements of one pentose 
are split off: 























CosHsOseP —( ‘5H 1 Os _ CooH s8049P 9. 









If, in the preparation of the above barium salt from the crude sub- 
stance, the solution is allowed to stand in contact with dilute hydro- 
chloric acid for any length of time a barium salt is obtained corre- 
sponding to the second acid, C2oH4sOugP9Bas, from which salt the 
free acid may be generated. The barium salt, Co;Hs;OssP9Bas, 








12 Loc. cit. 
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yields furfurol on distillation with 12 per cent hydrochloric acid 
but the salt, CooH4;O49P Bas, does not do so. 

The acid, CooHssO49P's, apparently represents the nucleus of the 
molecule of the organic phosphorus compound, as it has been 
found impossible to obtain any simpler organic phosphoric acid 
from it by treatment with acids. On boiling with normal sul- 
phuric acid at ordinary pressure it is slowly decomposed with 
formation of phosphoric acid and reducing bodies, apparently car- 
bohydrates, as the solution reduces Fehling’s solution and gives 
reactions with orcine and phloroglucine; but no trace of inosite 
could be isolated. The unchanged portion isolated from the reac- 
tion mixture has exactly the same composition as it had before 
boiling, which indicates that the molecule is gradually broken up 
into reducing bodies and phosphoric acid without suffering any 
intermediate or partial decomposition. On heating the substance 
in a sealed tube with 5 N sulphuric acid the cleavage appears to 
go in another direction; for in this case 90 per cent of the total 
carbon was recovered in the form of inosite and absolutely no re- 
ducing bodies were present in the reaction mixture. No explana- 
tion can be offered at this time concerning this peculiar behavior 
towards sulphuric acid under ordinary pressure and in a sealed 
tube. 

It is evident that this compound is not phytin. The only similar- 
ity between these substances is found in that they are both organic 
phosphoric acids and that when heated in a sealed tube with 
acids they yield inosite as one of the products of decomposition. 
Whether this new compound contains the inosite as such or whether 
it is only formed in the process of decomposition cannot be defi- 
nitely determined at this time. However, if it were a complex 
compound of inosite and phosphoric or pyrophosphoric acid, 
the isolation of inosite should be possible after cleavage with dilute 
acid at ordinary pressure. As has been stated this cannot be done 
and, moreover, the empirical formula of the substance can hardly 
be brought into accord with any inosite compound. 

The substance is probably similar to, if not identical with, the 
glucophosphoric acid described by Levene. The same author" 


18 Journ. Amer. Chem. Soc., xxiv, p. 190, 1902; Amer. Journ. of Physiol., Viii, 


p. 11, 1903. 
14 Biochem. Zeitschr., xvi, p. 399. 
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also described an organic phosphoric acid compound isolated from 
hemp seed which gave reactions for pentose or glucuronic acid. 
Since phytin does not give these reactions, as stated by Neuberg," . 
it is very probable that the products examined by Levene were of 
the same nature as that described in this paper. 

The chief support of the assumption of Patten and Hart!* that 
the organic phosphorus compound of wheat bran was phytin was no 
doubt based upon the fact that they had obtained a substance from 
dilute hydrochloric acid extract of bran which corresponded closely 
in composition with that required for the ‘“ anhydro-oxymethylene 
di-phosphoric acid” of Posternak. Serious objection, however, 
must be raised against their method of isolating this substance in 
that they made absolutely no effort to remove inorganic phosphates. 
From the work of Hart and Andrews!’ they believed themselves 
justified in considering the inorganic soluble phosphates present 
in wheat bran as a negligible quantity. While we cannot enter into 
any discussion of the above work here, it is to be noted that in the 
determination of the soluble inorganic phosphates in plant con- 
stituents Hart and Andrews extracted the material with 0.2 per 
cent hydrochloric acid for fifteen minutes and determined the 
inorganic phosphorus in the filtered extract by precipitating with 
nearly neutral ammonium molybdate. By this method they 
found 0.036 per cent inorganic phosphorus in wheat bran. The 
total amount of phosphorus compounds soluble in 0.2 per cent 
hydrochloric acid was found to be equivalent to 0.951 per cent 
phosphorus. The inorganic phosphorus found by the above 
authors is therefore equal to 3.78 per cent of the total phosphorus 
soluble in 0.2 per cent hydrochloric acid. 

Suzuki and Yoshimura!® report phosphorus determinations in 
wheat bran. They found 0.638 per cent of phosphorus soluble in 
0.2 per cent hydrochloric acid, of which 0.050 per cent was inor- 
ganic and 0.579 per cent organic. The inorganic phosphorus 
found in this case is therefore equal to 8.63 per cent of the total 
phosphorus soluble in 0.2 per cent hydrochloric acid. 


16 Biochem, Zeitschr., xvi, p. 405. 


16 Loc. cit. 
17 Bull. 238 N. Y. Agric. Exp. Station, 1903. 


18 Bull. Coll. of Agric., Tokyo, vii, p. 498. 
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The work of Forbes and associates!® seems to show that the time 
allowed by Hart and Andrews, fifteen minutes, is not sufficient for 
- complete extraction and that neutral molybdate solution is not 
suitable for precipitation in all cases; that when three hours is 
allowed for extraction a considerably larger amount of inorganic 
phosphorus is obtained. 

In the preparation of the ‘‘phytin” products from wheat bran 
Patten and Hart?® do not mention any definite time allowed for 
extraction but only state that “the bran was extracted for several 
hours with 0.2 per cent hydrochloric acid,’”’ apparently therefore 
a longer time than allowed by Hart and Andrews in their determina- 
tions of inorganic phosphorus. 

When wheat bran is digested for several hours in 0.2 per cent 
hydrochloric acid we have found that the resulting extract always 
contains a considerable quantity of inorganic phosphates. Quan- 
titative determinations have, however, not been carried out and 
we are at present unable to state whether the inorganic phosphates 
were present in the bran originally or if they have been formed by 
hydrolysis of the organic phosphorus compounds, but we purpose 
to take up this phase of the subject later. 

On precipitating a bran extract, prepared as indicated above, 
with any of the usual reagents for the isolation of the organic 
phosphorus compound the inorganic phosphates are more or less 
completely precipitated at the same time. In order to remove 
these inorganic phosphates we have found it necessary to repeatedly 
precipitate the substance from 0.2 or 0.5 per cent hydrochloric 
acid withalcohol. In other words the substance has been reprecipi- 
tated until the dilute nitric acid solution of the resulting product 
does not give any immediate reaction with ammonium molybdate. 
The slight amount of phosphomolybdate precipitated from the 
solution on longer standing is no doubt due to cleavage rather than 
to admixed inorganic phosphates. 

In order to determine if any barium salt of different composition 
from those discussed above could be prepared directly from wheat 
bran extract, a 0.2 per cent hydrochloric acid extract of bran, 
prepared as before, was precipitated with barjum chloride and 
alcohol. The substance was purified by precipitating from 0.5 


19 Loc. cit. 
20 Loc. cit. 
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per cent hydrochloric acid solution with alcohol until it gave no 
immediate reaction with ammonium molybdate (cf. experimental 
part). Analysis showed that this compound contained a higher 
percentage of carbon and lower phosphorus than the barium salt 
prepared from the previously isolated crude substance and it 
gave a larger amount of furfurol on distillation with 12 per cent 
hydrochloric acid. By treating this compound with dilute sul- 
phuric acid for a short time some reducing body was split off and 
the organic phosphorus substance finally isolated from the reaction 
mixture corresponded in composition with the barium salt first 
prepared, viz., C2sH;;sOss.Ps>Bas. This compound is, however, 
easily transformed into C2oHs;049P)5 as has already been shown. 

Since we have been unable to isolate any compound from wheat 
bran. corresponding in composition to a salt of phytic acid we have 
come to the conclusion that wheat. bran does not contain phytin 
and that the compound CooH;sO49P 5 is the only organic phosphoric 
acid existing in bran. It appears, however, that in its natural 
condition in the bran one or more as yet unidentified reducing 
bodies, which yield furfurol on distillation with hydrochloric acid 
and which are easily split off by the action of dilute acids, are 
loosely bound to this nucleus. 

The so-called “anhydro-oxymethylene di-phosphoric acid”’ ana- 
lyzed by Patten and Hart was undoubtedly a mixture of the above 
compound and free phosphoric acid. This seems the more probable 
#s they had not made any effort to remove inorganic phosphates 
in the preparation of their acid. 

The empirical formulas suggested in this paper are of course 
purely tentative. We are now preparing larger quantities of the 
substance from wheat bran and hope shortly to be able to report 
further concerning this compound. Various other cereals and 
feeding stuffs are also being examined to determine whether they 
contain phytin or if this other organic phosphoric acid compound 
is present. 


EXPERIMENTAL PART. 


Preparation of the organic phosphorus compound from wheat bran. 


The bran was digested with 0.2 per cent hydrochloric acid over 
night and the extract after straining and filtering was precipitated 
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with alcohol according to the method of Patten and Hart (loc. cit.). 
The resulting precipitate was purified by precipitating five times 
from 0.2 per cent hydrochloric acid with alcohol. From 500 grams 
of bran 2.5 gramsof substance were obtained as a white amorphous 
non-hygroscopic powder. It is readily soluble in its own weight of 
water, forming a thick light amber colored solution of pleasant 
and characteristic but faint acid odor. The substance reduces 
Fehling’s solution on boiling and it gives the orcine and phloro- 
glucine reactions. The aqueous solution is acid to litmus paper. 
It is precipitated by alkalies and solutions of salts of other metals. 
Warmed with dilute nitric acid and ammonium molybdate it does 
not give any immediate precipitate but on standing for several 
hours a tracg of yellow phosphomolybdate is precipitated. 
After drying at 120° the substance was analyzed. 


0.1642 gram substance gave 0.0522 gram H.O and 0.1285 gram CQ». 
0.0860 gram substance gave 0.0428 gram Mg»P,O; for P. 

0.1720 gram substance gave 0.0264 gram Mg,P.O,; for Mg. 

0.1720 gram substance gave 0.0054 gram CaO. 

0.3897 gram substance gave 0.0085 gram N (Kjeldahl). 

The substance contained only a very small quantity of K. 

Found: C, 21.34; H, 3.55; P, 13.87; Ca, 2.24; Mg, 3.35; N, 2.18 per cent. 


A larger quantity of the product was then prepared by extracting 
3 kgms. of bran. After isolating and purifying in the same way as 
before 47 grams of substance were obtained or about 1.5 per cent 
of the weight of the bran used. In appearance and properties it 
was identical with the foregoing. 

After drying at 105° in vacuum over phosphorus pentoxide the 
substance was analyzed. 


0.2444 gram substance gave 0.0710 gram H,2O and 0.1940 gram CO,. 
0.3936 gram substance gave 0.0149 gram CaO and 0.0861 gram Mg»P,O;. 
0.3936 gram substance gave 0.0623 gram K2PtClg. 

Phosphorus and nitrogen determinations were not made. 

Found: C, 21.64; H, 3.25; Ca, 2.70; Mg, 4.77; K, 2.54 per cent. 


The substance was again precipitated from 0.2 per cent hydro- 
chlorie acid, washed and dried as before, when the following results 
were obtained on analysis: 


0.1934 gram substance gave 0.0639 gram H.O and 0.1523 gram CO.. 
0.3313 gram substance gave 0.0131 gram CaO and 0.0717 gram Mg,P.0;, 


for Mg. 
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0.3313 gram substance gave 0.0444 gram K,PtCl;. 
0.1656 gram substance gave 0.0857 gram Mg»P2O; for P. 

0.4639 gram substance gave 0.0058 gram N (Kjeldahl). 

Found: C, 21.47; H, 3.69; P, 14.42; Ca, 2.82; Mg, 4.72; K, 2.15; N, 1.25 per 
cent. 

Sodium was not determined but qualitative tests showed that it was 
present. 

The reprecipitated substance, 0.3887 gram, distilled with 12 per cent HCl, 
gave 0.0367 gram phloroglucid. 















As the composition did not change by reprecipitation it was 
deemed sufficiently pure to use in the subsequent experiments. 

It was thought at first that this substance might be phytin 
mixed with some carbohydrate and some basic nitrogen body. In 
the hope of separating these and to obtain pure compounds the 
substance was treated with barium hydroxide and the resulting 
barium salt purified as follows: 
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Preparation of the barium salt. 


Five grams of the substance were dissolved in 10 ce. of water and 
the solution diluted to 200 cc. with water. Barium hydroxide 
was then added until distinctly alkaline and the mixture heated 
nearly to boiling. It was then filtered hot and washed with hot 
water, the filtrate being reserved for examination. 

The washed barium precipitate was dissolved in just sufficient 
0.5 per cent hydrochloric acid, filtered, again precipitated with 
barium hydroxide, the resulting precipitate dissolved by the care- 
ful addition of dilute hydrochloric acid and then precipitated by 
the addition of a like volume of alcohol. The substance was 
filtered, washed in dilute alcohol, again dissolved in 0.5 per cent 
hydrochloric acid and precipitated in the same manner as before. 
These operations were repeated four times. It was then dissolved 
in the same strength hydrochloric acid, precipitated with alcohol, 
filtered, washed in dilute alcohol, alcohol and ether and dried in 
vacuum over sulphuric acid. The product was a perfectly white 
amorphous powder. Yield, 3.9 grams. 

The substance was slightly soluble in boiling water. On cooling, 
however, it does not crystallize out and on concentrating in vacuum 
it separates in an amorphous form. Alcohol also produces a 
white amorphous precipitate.. Various other methods were tried 
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to obtain the substance in crystalline form but without success. 
On moist litmus paper it shows a strong acid reaction. It was 
free from nitrogen. 

As it was found impossible to crystallize the substance it was 
analyzed directly after drying at 130°. 


0.2564 gram substance gave 0.0604 gram H.O and 0.1314 gram COs. 
0.2903 gram substance gave 0.1544 gram BaSO,and 0.1324 gram Mg2P,0; 
Found: C,13.97; H, 2.63; P, 12.71; Ba, 31.29 per cent. 


Of this substance 1.2124 grams were distilled with 12 per cent HCl 
when 0.0053 gram phloroglucid was obtained. 

The composition of the above salt is entirely different from that 
of a barium phytate. The relation of the numbers found lead to 
the empirical formula, Co;H;;0s,PsBa; = 2185; calculated for this: 
C =13.73; H = 2.51; P = 12.76; Ba = 31.44 per cent. 


Examination of the filtrate from the above compound after precipitat- 
ing with barium hydroxide. 


The filtrate was of light amber color. The excess of barium 
hydroxide was removed with carbon dioxide, filtered and the 
filtrate concentrated on the water bath, again filtered from traces 
of barium carbonate and then dried in vacuum over sulphuric acid. 
There remained a small quantity of a yellowish amber colored, 
somewhat gummy mass. It contained a large quantity of nitro- 
gen. It did not reduce Fehling’s solution and gave only a faint 
biuret reaction. 

The substance is readily soluble in water and is again precipi- 
tated by alcohol but it is not precipitated by tannic acid. The 
aqueous solution acidified with nitric acid gives no reaction with 
ammonium molybdate. 

After combustion the ash was found to contain potassium, 
sodium and phosphorus. When the crude substance is treated by 
the Van Slyke method for amino nitrogen a small quantity of 
nitrogen is liberated. 

Lack of time has prevented the further examination of this body 
and it has not been isolated in pure form. 











R. J. Anderson 457 


Isolation of the free acid from the barium salt. 


The barium salt previously described (3.2 grams dry substance) 
was suspended in 100 cc. of water and decomposed with a slight 
excess of dilute sulphuric acid, the barium sulphate was removed 
by filtration and the filtrate precipitated with excess of copper 
acetate. The copper salt was filtered, thoroughly washed in 
water, suspended in water and decomposed with hydrogen sul- 
phide. The copper sulphide was filtered off and the filtrate con- 
centrated in vacuum to small bulk and finally dried in vacuum 
over sulphuric acid until it was of a thick syrupy consistency. 
After drying at 100° to constant weight the substance was analyzed. 


0.2907 gram substance gave 0.1052 gram H,O and 0.1855 gram COd». 
0.1787 gram substance gave 0.0642 gram H,O and 0.1144 gram CO». 
0.1816 gram substance gave 0.1331 gram Mg.P.O;. 
Found: I. C, 17.40; H, 4.04; P, 20.43 per cent. 

II. C, 17.46; H, 4.02 per cent. 
These results lead to the empirical formula, C2oH ssO49P 9. 
Calculated for CopHssOygP5 = 1358: C, 17.67; H, 4.05; P, 20.54 per cent. 


This compound differs in composition from the barium salt from 
which it was prepared by C;H,90s, 7.e., by the elements of one 
pentose. This had probably been split off in the decomposition 
of the barium salt with the dilute sulphuric acid or else by the 
copper acetate, and if so should be found in the filtrate after the 
copper salt of the acid had been removed. The filtrate was there- 
fore examined as follows: The copper was removed by hydrogen 
sulphide and the filtrate, after boiling off excess of H.S, was pre- 
cipitated with excess of barium hydroxide, filtered, and the barium 
precipitated quantitatively with sulphuric acid and the resulting 
filtrate evaporated to small bulk in vacuum. The solution was 
then found to reduce Fehling’s solution on boiling and ammoniacal 
silver nitrate was also reduced. Unfortunately the amount of 
substance obtained was too small to permit further examination. 
There is, however, absolutely no doubt that a reducing body, 
probably pentose, was present. 


Properties of the free acid, CooHssOu9Po. 


Dried in the desiccator it forms first a light amber colored thick 
syrup which on continued drying forms a thick sticky mass. It is 
very soluble in water and also readily soluble in alcohol from which 
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it separates on the addition of ether as a white precipitate which 
collects on the sides of the test tube in small oily drops. 

The aqueous solution has a strong acid reaction and a pleasant 
sharp acid taste and it gives the following reactions: 

Magnesium acetate does not give a precipitate but the addition 
of calcium acetate, barium chloride or alcohol causes in this solu- 
tion a white precipitate. 

Silver nitrate does not produce any precipitate but the addition 
of alcohol gives a white amorphous precipitate of the silver salt. 

It is not precipitated by barium or calcium chlorides but the 
acetates of these metals and their hydroxides give white amorphous 
precipitates which are soluble in acetic and mineral acids. 

Ferric chloride causes a white precipitate which is readily soluble 
in dilute hydrochloric or nitric acids. 

The alkali salts are very soluble in water but in these solutions 
salts of the alkaline earths or the heavy metals produce white pre- 
cipitates. The addition of alcohol also produces white precipitates. 

The ordinary molybdate solution does not give any precipitate 
in dilute solutions of the acid; in concentrated solutions a yellowish 
white precipitate is obtained. On acidifying with nitric acid and 
heating, the yellow phosphomolybdate is slowly precipitated. 

The aqueous solution of the acid is only incompletely precipi- 
tated by magnesia mixture. A slight white-colored amorphous 
precipitate is obtained but the addition of alcohol produces a vol- 
uminous white precipitate. This product is however not a pure 
salt as shown by the following results which were obtained on 
analysis of the dried precipitate: 


Found: Mg, 11.29; N, 2.40; P, 16.45 per cent. 


These numbers do not agree with any formula for a pure magne- — 
sium ammonium salt of the above acid. 

A larger quantity of the barium salt was prepared by treating 
25 grams of the substance with barium hydroxide and purifying the 
barium salt in the same way as before, except that after precipitat- 
ing the dilute hydrochloric acid solution with alcohol the mixture 
was allowed to stand for several days. 

After drying at 125° the following results were obtained on 
analysis: 

C, 12.05; H, 2.46; P, 13.83; Ba, 32.19 per cent. 
C, 11.85; H, 2.32; P, 13.82; Ba, 32.08 per cent. 
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Although the barium is found somewhat low this salt corresponds 
to the penta-barium salt of the acid, CooHssO49P». 








For CooH4sO49P oBas = 2035. 
Calculated: C, 11.79; H, 2.21; P, 13.71; Ba, 33.76 per cent. 






The free acid prepared from this salt by the same method as 
before gave the following results on analysis after previously dry- 
ing at 130°. 






I. C, 16.91; H, 3.96; P, 20.88 per cent. 
II. C, 16.91; H, 3.84 per cent. 










It appears then that the substance, C2;HgsO5sP9, is very sensi- 
tive to acids and that when it is kept in contact with even dilute 
acids for any length of time the elements of one pentose, C;H,00s, 
are split off. 







Brucine salt of the acid, CoopHssO049P 9. 










While it was impossible to obtain any crystalline salts of the 
above acid with inorganic bases it gave a crystalline brucine salt 
of the formula C2oH5s049P 9(Co3H2g04N2) 10 + 30 H,0. 

About 1 gram of the acid was dissolved in a small quantity of 
water and brucine was then added until the solution showed a 
slight alkaline reaction. After diluting the solution with 150 cc. 
of alcohol and 30 cc. of chloroform, ether was added until a slight 
permanent turbidity remained. On standing for several days at 
room temperature in a well closed Erlenmeyer flask the substance 
separated slowly in long white silky needle-shaped crystals. 

In the absence of chloroform or in more concentrated solutions 
only amorphous white precipitates are obtained. 

The crystals were filtered off and washed in a mixture containing 
equal parts of alcohol and ether and finally in ether and dried in the 
air. Yield, about 0.5 gram. 

The substance is very soluble in water, readily soluble in alcohol 
but insoluble in ether or chloroform. 

Heated in a capillary tube the substance melts at 196°-198° but 
the melting point is not sharp. On moist litmus paper it shows a 
strong acid reaction. It loses weight on drying corresponding to 
30 H.O. The dried substance was analyzed. 
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0.1364 gram substance lost 0.0124 gram H,O and 0.1308 gram substance 


lost 0.0118 gram H.O. 
0.1240 gram substance gave 0.0694 gram H.O and 0.2557 gram COg. 
0.1383 gram substance gave 0.0233 gram Mg2P,0;. 
0.1190 gram substance gave 6.1 cc. of nitrogen at 16° and 746 mm. 
For C2oHssOusP 9 (CosH2604N2)10 = 5298. 
Calculated: C, 56.62; H, 5.94; P, 5.26; N, 5.28 per cent. 
Found: C, 56.24; H, 6.26; P, 4.69; N, 5.86 per cent. 
Calculated for 30 H,O: 9.24 per cent; found: 9.09 and 9.02 per cent. 


Action of dilute sulphuric acid on the barium salt, CooH4sOu9P pBas. 


Five grams of the air-dried salt were boiled for one hour under a 
reflux condenser with 100 cc. of ¥ H,SO,y The reaction mixture 
was precipitated with slight excess of barium hydroxide, filtered and 
washed with water. The filtrate was examined as mentioned 
below. 

The barium precipitate was shaken up with 300 ce. of 0.5 per 
cent hydrochloric acid and the insoluble portion filtered off. To 
the filtrate was added an equal volume of alcohol and the white 
flocculent precipitate filtered off and washed in dilute alcohol. It 
was again dissolved in 0.5 per cent hydrochloric acid, precipitated 
with alcohol, filtered, washed free of hydrochloric acid with dilute 
alcohol and then in alcohol and ether and dried in vacuum over 
sulphuric acid. Yield, 2 grams. The product was a white amor- 
phous powder. After drying at 120° the following results were 
obtained on analysis: . 


Found: C, 11.64; H, 2.25; P, 13.95; Ba, 33.26 per cent. 


This corresponds exactly with the composition of the substance 
before treatment with ¥ H,SO,. It is apparent therefore that no 
partial decomposition takes place. 


Examination of the filtrate from above. 


The excess of barium hydroxide was removed with carbon diox- 
ide and, after filtering, the filtrate was concentrated in vacuum at 
a temperature of 35°-40° to small bulk, again filtered and finally 
dried in vacuum over sulphuric acid. There remained 0.08 gram 
of a slightly amber colored amorphous mass, of weak acid reaction 
on litmus paper and a slightly acid taste. The aqueous solution 
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substance prevented any further examination. 


In another case 2.5 grams of the same barium salt were boiled 
‘with 100 cc. of ¥ H2SO, under a reflux condenser for ten hours. 
After treating in the same way as above 0.3 gram of unchanged 
substance was obtained and the filtrate showed exactly the same 
Attempts to isolate inosite failed. 


properties as mentioned above. 





Preparation of inosite from the barium salt, CooH4sO49P Bas. 


Of the same barium salt 2.73 grams and 20 ce of 5n H.SO, were 
heated in a sealed tube for three hours to 160°: There was no 
pressure noticeable on opening the tube. Some free carbon had 
separated and the solution was of light brown color. The neutral- 
ized solution did not reduce Fehling’s solution. The inosite was 
isolated in the usual way and after recrystallizing from dilute alco- 
hol and ether was obtained in needle-shaped crystals, free from 
water of crystallization. It gave the reaction of Scherer and 
melted at 220.5° (uncorrected) which leaves no doubt but that the 
substance was pure inosite. Yield, 0.73 gram, which is equal to 
90 per cent of the total carbon present in the barium salt used. 
The air-dried substance was analyzed. 


0.1649 gram substance gave 0.1038 gram H,O and 0.2406 gram CO:. 
0.1323 gram substance gave 0.0815 gram H,O and 0.1931 gram CO,. 
For CesH.(OH). = 180. 
Calculated: C, 40.00; H, 6.66 per cent. 
Found: C, 39.80; H, 7.04 per cent. 

C, 39.80; H, 6.89 per cent. 


The 0.2 per cent hydrochloric acid extract of bran contains 
some dissolved proteins. On precipitating with alcohol these are 
thrown down together with the phosphorus compounds. Their 
presence makes the subsequent purification difficult, especially 
the filtrations, because the proteins have been rendered more or 
less insoluble and form a fine slimy mass which clogs the filter paper 
to such an extent as to make filtration even by suction extremely 
tedious. 

In order to obviate this, the suggestion was made by Dr. Jordan 
to first precipitate the bran extract with tannic acid. 
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reduced Fehling’s solution strongly on boiling and it also gave the 
orcine and phloroglucine reactions. The small quantity of the 
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The addition of tannic acid was found to cause a voluminous 
and very fine precipitate which after standing a short time becomes 
coarser and may then be easily removed by simple filtration. The 
resulting filtrate is nearly colorless or of light amber color. Alcohol 
produces in this solution a nearly colorless precipitate which is 
much more easily purified than the product obtained without first 
precipitating with tannic acid. 

With only this modification some of the substance was prepared 
from wheat bran. It was found, however, to differ slightly in com- 
position from that obtained by the first method. On analysis the 
following results were obtained: 


C, 19.51; H, 3.09; P, 15.23; Ca, 0.388; Mg, 7.35; K, 2.75; N, 0.57 per cent. 


On treating this substance with barium hydroxide and purifying 
the resulting precipitate in the same way as before, thesame barium 
salt was obtained: 


For C25sHss054P sBas = 2184. E 
Calculated: C, 13.73; H, 2.51; P, 12.76; Ba, 31.44 per cent. 
Found: C, 13.00; H, 2.46; P, 12.47; Ba, 33.00 per cent. 


The difference in composition of the crude substance must 
therefore be due to the smaller amount of the nitrogen-containing 
body which this preparation was found to hold. In the analysis of 
the crude substance only 0.57 per cent nitrogen was found, whereas 
the first preparation had four times, and the second preparation 
two times as much. 


Isolation of the substance as a barium salt directly from the bran 
extract. 


The bran was digested with 0.2 per cent hydrochloric acid over 
night. The strained extract was precipitated with tannic acid, 
filtered and a solution of barium chloride added which caused a 
small precipitate to separate. An equal volume of alcohol was 
then added. After settling, the precipitate was filtered and puri- 
fied as follows: The substance was dissolved in 0.5 per cent hydro- 
chloric acid, precipitated with barium hydroxide in excess, filtered, 
again dissolved in the same strength hydrochloric acid and then 
precipitated with alcohol. It was then precipitated a second 
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time with barium hydroxide and after that precipitated from 0.5 
per cent hydrochloric acid with alcohol until the product did not 
give any reaction with ammonium molybdate. 

A white amorphous powder was finally obtained. On moist 
litmus paper it showed a strong acid reaction. After drying at 105° 
in vacuum over phosphorus pentoxide it was analyzed. 












0.2870 gram substance gave 0.0630 gram H,O and 0.1584 gram CQy. 
0.3066 gram substance gave 0.0653 gram H.O and 0.1700 gram COy. 
0.2632 gram substance gave 0.1437 gram BaSO, and 0.1020 gram MgP,0;. 

Found: I. C, 15.05; H, 2.45; P, 10.80; Ba, 32.12 per cent. 
II. C, 15.12; H, 2.38 per cent. 
Distilled with 12 per cent HCl, 0.4736 gram substance gave 0.0071 gram ° 
phloroglucid. 








As will be noticed this compound contains a considerably larger 
percentage of carbon than any of the previous preparations and a 
correspondingly low percentage of phosphorus. Calculated on the 
same basis as before, it would correspond to a molecule with C, 
30 or 32. By acting upon this compound with dilute sulphuric 
acid some reducing body is split off and the salt, CosH;;0;,P9Bas, 
results, identical with that obtained in the first case from the 
crude substance. 

One gram of the above barium salt was digested for about ten 
minutes with 20 cc. of normal sulphuric acid and heated nearly to 
boiling. It was then precipitated with excess of barium hydroxide : 
and filtered. 

The filtrate was freed from excess of barium hydroxide with i: 
carbon dioxide, filtered, and evaporated to small bulk and again 
filtered. It was then found to reduce Fehling’s solution strongly 
on boiling and to give the orcine and phloroglucine reactions, show- 
ing conclusively that a reducing body of some kind had been split 
off by the action of the sulphuric acid. 

The barium precipitate from the above was shaken up with a 
small quantity of 0.5 per cent hydrochloric acid, filtered and the 
filtrate precipitated by adding an equal volume of alcohol. After 
again precipitating in the same manner the substance was filtered, 
washed in dilute alcohol, alcohol and ether and dried in vacuum 
over sulphuric acid. The substance weighed 0.45 gram. For analy- 
sis it was dried at 105° in vacuum over phosphorus pentoxide. 
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0.2326 gram substance gave 0.0525 gram H,O and 0.1208 gram CO,. 
0.1859 gram substance gave 0.1009 gram BaSO, and 0.0804 gram Mg;P,0;. 
Found: C, 14.16; H, 2.52; P, 12.05; Ba, 31.94 per cent. 
Calculated for CosH;s0s.Ps:Bas = 2184. 

C, 13.73; H, 2.51; P, 12.76; Ba, 31.44 per cent. 


This substance is therefore identical with the barium salt pre- 
pared from the previously isolated crude compound. 

We are planning to carry out a complete investigation concern- 
ing this organic phosphoric acid of wheat bran and its cleavage 
products. It is desired especially to isolate and identify the reduc- 
ing bodies formed on cleavage with dilute acid. We also wish to 
take up the study of the nitrogen-containing substance and beg 
to reserve the further investigation of these bodies. 
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Of the organisms investigated in this series, the Flexner and 
Shiga types of the dysentery bacillus, Bacillus typhosus “A’’ and 
Paratyphoid a need no comment; the analytical results are strik- 
ingly similar to those previously described with the same species 
of bacteria, but with different strains... The object of studying 
different strains of the same bacillus from different sources is to 
confirm our idea that the growth curves should be very similar. 
Such appears to be the case. 

B. alcaligenes is an organism belonging to the typhoid-dysen- 
tery group; it differs culturally from these bacteria chiefly because 
it ferments no sugars. The ammonia formation of B. alcaligenes 
is qualitatively and quantitatively like the other members of the 
group in sugar-free broth. The reaction in sugar-free broth is 
also practically the same. In sugar-containing broth, the reaction 
and ammonia formation is parallel to that in broth containing no 
carbohydrate. This is to be expected, and in a measure this find- 
ing is evidence of the correctness of the hypothesis that “‘fermen- 
tation takes precedence over putrefaction.”’ The bacillus cannot 
attack sugar, hence the sugar acts as a foreign body, taking no 
part in the metabolic processes of this organism. 

Cholera ‘‘Hamburg”’ is a typical cholera vibrio which has been 
on artificial media for several years. It is not as active proteo- 
lytically as the “Cholera Boston’’ culture, but it is nevertheless a 
strong ammonia producer. The same sparing action of sugar for 
protein is exhibited by the Hamburg culture as was the case with 
the Boston culture. 

Typhoid ‘“M” was obtained from an intermittent typhoid carrier 
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1 This Journal, xii, pp. 13, 19, 215, 219, 1912. 
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of five years’ standing. Prior to the isolation of this organism no 
suspicion of harboring typhoid bacilli was attached to the patient, 
and no history of secondary cases attributable to him can be 
obtained. Repeated examinations failed to reveal typhoid bacilli 
| before or after the isolation of the strain studied here. The organ- 
i ism is typical culturally and morphologically and agglutinates 
Aj Hi promptly at a dilution of 1 to 3200 with a specific serum. The 
"a slight irregularities in the growth curve are partly accounted 
ibe for by the fact that the organism was freshly isolated, having been 
fii on artificial media but ten days before it was studied. The cul- 
Ai ture was of undoubted purity. The general type of growthcurve 
i" is like that of the other strains of B. typhosus studied in this series 

a of experiments. 
qa Paratyphoid ‘‘y 18’ deserves special mention: it will be seen that 
this bacillus broke down a considerable amount of protein even in 
the presence of dextrose which it could use, more so than any organ- 
: ism previously described by us. We believe that this bacillus uses 
up dextrose very rapidly, and that the continually decreasing 
: | residual amount of dextrose in the medium is insufficient to fully 
| meet the metabolic requirements of the rapidly growing bacilli. 
This forces them to utilize protein not only for structural purposes, 
H ; but partly at least for fuel as well. Further experiments are in 

a i progress to elucidate this phenomenon. 

i ' B. cloacae also breaks down protein rather rapidly in the presence 
of dextrose. The reaction curve of this organism is instructive; 
at first the reaction is distinctly acid, but in a short time the reac- 
tion becomes alkaline, and the alkalinity progressively increases. 
We believe that this organism, in common with Paratyphoid “‘y 




















if ‘) 18,” utilizes dextrose with great rapidity, and that the amount of 

i j q ; dextrose present in our media (1 per cent) is not large enough to 
i ; furnish energy except for the first days of growth. 

i H-61 has been described before.2, The diminution of ammonia 

un content, which we have designated as the “negative ammonia 

| i 7 phase”’ is strikingly shown in the table; more than 30 per cent of the 

: tn ammonia originally present in the medium has disappeared at the 

i end of eight days. This negative ammonia phase is seen in the 

early days of growth in several organisms described previously, 


although in much less active form. 


? This Journal, xii, p. 19, 1912. 
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By ARTHUR I. KENDALL anp CHESTER J. FARMER. 


(From the Laboratories of Biological Chemistry and Preventive Medicine and 
Hygiene, Harvard Medical School.) 


(Received for publication, July 30, 1912.) 


B. typhosus and B. dysenteriae (Shiga type) are strains of these 
organisms not previously studied by us. Their growth curves 
are practically identical with those of other strains described pre- 
viously.!. The table shown indicates not only the ammonia and 
reaction curves in sugar and sugar-free broth respectively, but 
the daily rate of metabolism of dextrose. The Shiga bacillus 
shows very distinctly the formation of acid in sugar-free broth, 
referred to in our last communications.2 The explanation for 
this acid formation has been formulated in the fourth article of 
our series’ and needs no further comment here. 

B. cloacae, I and II, show the same initial acidity, followed by a 
quick return to alkalinity as did the strain described in the preced- 
ing communication of this series. On the third day the reaction 
was strongly alkaline. The rate of decomposition of sugar by 
these bacteria, amounting to about 75 per cent (of which 63 per 
cent was used up the first twenty-four hours), explains the reason 
for this terminal alkaline reaction; the findings are in accord with 
the opinion expressed in the previous communication upon this 
phenomenon. 

Paratyphoid y 16 and 4 are strains similar culturally to Para- 
typhoid y 18 described previously. They produce considerable 
amounts of ammonia, even in the presence of dextrose, thus agree- 
ing essentially with the strain mentioned above in this respect. 
The reaction, however, becomes progressively acid. These bac- 


1 This Journal, xii, pp. 13, 19, 215, 219, 1912. 
2 Tbid., xii, p. 215, 1912. 
3 Tbid., xii, p. 219, 1912. 
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teria grow with unusual rapidity, and it is possible that the rapidity 
of growth necessitates a considerable amount of protein breakdown 
to supply the necessary nitrogen for structural purposes. The 
strains also utilize about 72 per cent of the dextrose of the medium. 
This utilization of dextrose suggests a large fuel requirement; the 
rather uniform breakdown of the sugar contrasting in this respect 
with the large initial breakdown of dextrose in the case of the vari- 
ous strains of B. cloacae, where, it will be remembered, the break- 
down of sugar was largely within the first twenty-four hours of 
growth. In the case of Paratyphoid y, we are inclined to believe 
that the utilization of dextrose is far less per unit time per organism 
than is the case with the various strains of B. cloacae, where the 
sugar largely disappears within the first day of growth, forcing the 
bacteria to derive at least part of their fuel from nitrogenous 
products. 


’ 
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Our notions regarding the relation of the food proteins to tissue 
proteins, and the réle of proteins in nutrition have experienced : 
radical changes in recent years. Side by side with the increasing 
evidence of distinct structural differences between the albuminous 
compounds of different origin and the chemical dissimilarity which r 
may even characterize two proteins derived from a common source, 
such as some particular seed, has arisen the well founded conviction 
that it is impossible to develop marked changes in the character 
of the tissues of animals correlated with the character of the food 
ingested. Whatever may be the source, or chemical make-up, of 
the latter previous to its involvement in the nutritive processes, 
the resulting tissue cells and fluids remain characteristic and 
specific for the species. ‘Der Artcharakter wird durch die Art 
der Ernahrung nicht beeinflusst’’ (Abderhalden). 
How this possibility of the fixity of the tissues in the midst of 
diversity of food types results is made apparent by the newer 
knowledge respecting the réle of digestion in nutrition. The 
structural peculiarities which determine the individuality of the 
proteins are lost by the digestive process; hence we have ultimately 
to deal with the fragments of the original complexes in the problems 
pertaining to nutrition. Our food stuffs are currently assumed to 
leave the alimentary tract largely, if not entirely, in the form of 






















1The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton. 
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the so-called amino-acid “‘ Bausteine.’”’ It is these which become 
our immediate concern in the intermediary problems of metabo- 
lism that result in the construction or renewal of the specific body 
protein. Quoting Abderhalden: ‘‘Unsere K6rperzellen erfahren 
niemals, welcher Art die aufgenommene Nahrung war.”’ 

In the organism proper the proteins, as such, may be responsible 
for various physiological functions. ‘At present we cannot fully 
comprehend the réle of the proteins, but we must assume that 
many of the enigmatical properties of living matter depend on 
this activity of intact protein molecules. We can obtain some 
idea of the possible variety in the combinations of the protein 
Bausteine by recalling the fact that they are as numerous as the 
letters in the alphabet which are capable of expressing an infinite 
number of thoughts. Every peculiarity of species and every 
occurrence affecting the individual may be indicated by special 
combinations of protein Bausteine, that is to say by specific pro- 
teins. Consequently we may readily understand how peculiarity 
of species may find expression in the chemical nature of the pro- 
teins constituting living matter, and how they may be transmitted 
through the material contained in the generative cells.”’? As one 
of us has written earlier: “The results of my work have shown 
that no two seeds are alike in their protein constituents, and that 
those proteins which appear to be alike are found only in seeds 
that are botanically closely related. As I have elsewhere pointed 
out, it would seem that these differences in the reserve food sub- 
stances of the endosperm must have an important bearing on the 
character of the developing embryo which derives its first food 
from them. This food substance, and the embryo as well, are 
the final products of the series of chemical changes which led to 
their formation. When the embryo begins its development it 
finds at hand a definite food, which for each individual of the same 
species is the same, but for the individuals of different species is 
different. Each member of a species begins its independent life 
under similar chemical conditions, but under chemical conditions 
which are different from those of every other species. When, 
therefore, each individual plant reaches that stage of development 
at which its organs of assimilation. are able to furnish it with rutri- 


2 Kossel: Lectures on the Herter Foundation. The Proteins. Johns 
Hopkins Hospital Bulletin, xxiii, p. 76, 1912. 
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ment from its external surroundings, it is highly probable that 
its chemical processes have already been established along definite 
lines which it must follow throughout the rest of its life.’ 

In the preliminary processes of metabolism, however, the char- 
acter of the amino-acid fragments apparently assumes a dominating 
importance. The modern chemistry of the proteins has dis- 
closed the fact that the variations between the different albumi- 
nous compounds in respect to their Bausteine may be both quanti- 
tative and qualitative in character. This has raised the question 
of the relative physiological value of unlike proteins. ‘‘The fact 
that so many of the vegetable proteins, which serve extensively 
as food, have been shown, by our present investigation, to yield 
such different proportions of the various nitrogenous decomposi- 
tion products, as compared with the animal proteins, makes it 
a matter of the greatest interest and importance to know some- 
thing more of the processes involved in this synthesis.’”4 

Whether protein can be suitably utilized when administered 
in its completely digested or abiuret form as well as in its natural 
condition need not concern us here; since the possibility of main- 
taining individuals in satisfactory nutritive balance, at least for 
a not inconsiderable time, on an intake made up exclusively of 
Bausteine has been demonstrated. It would seem, therefore, as 
if the problem of replacing the larger protein complexes by their 
elementary constituent fragments had been to a certain extent 
solved.’ If we assume, in harmony with some of the prevailing 
views of metabolism, and notably that supported by Abderhalden, 
that the animal must construct its tissue proteins from the amino- 
acid fragments which are furnished by protein hydrolysis, it is 
obvious that deficiencies in quantity in the Bausteine or a lack 
of one or more of them must lead to serious nutritive disturbances. 
The chemical fixity of the tissues under widely differmg nutrient 
environment points in the same direction. Abderhalden has 
maintained that, so long as there is no evidence that amino-acids 
can readily experience a transformation into one another in the 
organism, the extent of protein construction in the body must be 


3’ Osborne: Proc. Soc. Exp. Biol. and Med., v, p. 105, 1908. 

4Osborne and Harris: Jour. Amer. Chem. Soc., xxv, p. 323, 1903. 

5 Cf. Abderhalden: Synthese der Zellbausteine #n Pflanze und Tier, 
Berlin, 1912. 
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limited by the amino-acid which is present in the smallest relative 
amount in our intake. The fact that certain proteins, such as 
gelatin and zein, which are notably defective in respect to the 
number of the amino-acids which they yield, are unable by them- 
selves to promote nutritive equilibrium and supply the nitrogenous 
needs of the diet might be quoted in support of the views mentioned 
above. If Abderhalden’s hypothesis regarding the nature of protein 
metabolism is correct it follows that those food proteins which 
approach most nearly to the tissue proteins in their amino-acid 
make-up should most easily supply the protein needs of the animal. 
Michaud® has undertaken to demonstrate, in accord with this, 
that the protein minimum of dogs can be maintained at a lower 
level when the intake is in the form of dog tissue than in the form 
of proteins differing widely therefrom in their chemical make-up; 
yet the investigations heretofore recorded with these proteins lead 
to the belief that they are, at least to some degree, utilized as food 
by the animal, even when they are fed as the sole source of nitrogen. 
Some of these proteins lacking one or more of the cleavage prod- 
ucts known to be necessary for the formation of the proteins of 
the animal body are of relatively high efficiency in preventing 
loss of body nitrogen due to endogenous metabolism, although 
they are insufficient for growth.’ It is evident that “the processes 
of replacing nitrogen degraded in cellular metabolism are not of 
the same character as the processes of growth. It seems also 
to be a necessary conclusion that the processes of cellular cata- 
bolism and repair do not represent a series of chemical changes 
involving the destruction and reconstruction of an entire protein 
molecule.”® Regarding the necessity of distinguishing carefully 
between maintenance, repair and growth in nutrition we shall 
have more to say later. Undoubtedly the failure to bear these 
distinctions in mind has led to much confusion in the past. Fur- 
thermore, investigators have heretofore been so largely concerned 
with the functions of proteins as a whole in important biological 
processes that the possibility of their individual participation 


6 Michaud: Zeitschr. f. physiol. Chem., lix, p. 405, 1909; cf. also Frank 
and Schittenhelm: ibid., xx, p. 99, 1910; Ixxiii, p. 157, 1911. 

7 Cf. Osborne and Mendel: Carnegie Institution of Washington, Publi- 
cation 156, pt. ii, 1911; also Zeitschr. f. physiol. Chem., 1912 (in press). 

8 McCollum: Amer. Journ. of Physiol., xxix, p. 215, 1911. 
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and use has been generally overlooked. As Kossel has lately 
said: ‘‘ Hitherto the appearance of protein Bausteine in the living 
organism has always been ascribed to protein decomposition. 
But this supposition is unjustified. We must rather assume that 
these Bausteine may appear and disappear in the body without 
at any time forming part of a protein molecule. And further we 
may suppose that only under certain circumstances, for definite 
physiological purposes, are these independent groups stored in a 
collected form—the protein substances.’”® 

Attempts have been made at various times in the past to perfect 
the so-called abnormal or incomplete proteins by adding to them 
in the diet one or more amino-acids which are known to be lacking 
from the complex. This is true of studies made with gelatin— 
which yields no tyrosine, tryptophane or cystine—and with zein,— 
a protein which yields no tryptophane, and from which no lysine 
or glycocoll can be obtained. These trials have, all in all, not 
been very satisfactory. Other experiments in which an amino- 
acid, such as tryptophane, has been intentionally eliminated from 
the food mixture have speedily exhibited a nutritive defect in 
the dietary. In any event it seems clear, from such evidence as 
is available at the present time, that the cyclic compounds, tyro- 
sine, phenylalanine, histidine and tryptophane, are indispensable 
for the welfare of the organism. Indeed W. A. Osborne has 
expressed the view that the essential difference between the animal 
and the plant organism lies in their respective ability or inability 
to synthesize substances of the cyclic type. Cyclopoiesis, accord- 
ing to him, is a property exhibited solely by the vegetable 
organism. 

Are the other amino-acids equally indispensable? At the 
present moment it is impossible to give any definite answer to 
the question as to whether an amino-acid like leucine, for example, 
can be replaced by alanine, or any other closely related form. .In 
one case, in any event, the possibility of a synthesis of an amino- 
acid de novo in the animal organism has been admitted. Prolonged 
feeding experiments with casein from which. glycocoll has not 
been obtained, as well as the enormous production of glycocoll 
for the hippuric acid synthesis after the administration of benzoic 


® Kossel: Lectures on the Herter Foundation. The Proteins. Johns 
Hopkins Hospital Bulletin, xxiii, p. 76, 1912. 





















































478 Gliadin in Nutrition 


acid!°’—a production out of all proportion to the assumed content 
of preformed glycocoll in the food intake, or the body tissues 
themselves—leave little doubt of the capacity of the animal 
cell to synthesize at least one amino-acid. 

For evidence of the formation of amino-acids more complex 
than glycocoll, the recorded experiments with gliadin must be 
taken into consideration. This substance, an alcohol-soluble pro- 
tein of the prolamine type, possesses a special interest in that it 
yields so little of the diamino-acid, lysine, as well as of glycocoll, 
that these have not heretofore been obtained from it by the usual 
analytical methods. It furthermore contains a relatively small 
proportion of both arginine and histidine, and extremely large 
proportions of glutaminic acid and ammonia yielding groups. 
Its ready digestibility has been demonstrated repeatedly" in 
contrast to the greater resistance of the ‘“‘abnormal’’ protein zein. 
Henriques” reported that he kept rats in nitrogenous equilibrium 
on a diet in which gliadin constituted the sole form of nitrogenous 
intake, although he failed when the tryptophane-free zein was used. 
Abderhalden and Funk® were similarly successful with gliadin 


‘fed to dogs. They state, however, that in one case the preparation 


of gliadin fed by them contained 0.35 per cent of lysine; and they 
intimate that the nutritive equilibrium secured by Henriques on 


‘a diet containing gliadin as the sole protein was due to an impure 


preparation. The question of lysine synthesis in the body is 
expressed by Rona" as follows: “Das Problem isralso durch 
die Versuche von Henriques noch nicht gelést, hingegen sprechen 
alle unsere Erfahrungen dafiir dass die Aminoséuren, Glykokoll 
ausgenommen, im Organismus nicht neugebildet werden.” In 


‘other experiments Henriques and Hansen have stated that 
‘they were able to get rats into a state of nitrogenous equilibrium 
on a diet containing the nitrogen solely in the form of the mono- 


amino fraction of a digest. Here too,,as in the experiments with 


© Cf. Magnus-Levy: Biochem. Zeitschr., vi, p. 523, 1907; Ringer: this 


Journal, x, p. 327, 1911; Epstein and Bookman: ibid., x, p. 353, 1911. 


1\Cf. Mendel and Fine: this Journal, x, p. 303, 1911. 

12 Henriques: Zeitschr. f. physiol. Chem., |x, p. 105, 1909. 

8 Abderhalden and Funk: 7bid., lx, p. 418; 1909. 

14 Rona: Oppenheimer’s Handbuch der Biochemie, iv, pt. i, p. 550. 
- 1% Henriques and Hansen: Zeitschr. f. physiol. Chem., xliii, p. 417, 1904; 
and xlix, p. 113, 1906. . 
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gliadin, a synthesis of nitrogenous. compounds of the type precipi- 
table by phosphotungstic acid must be assumed if the nutritive 
equilibrium of the experimental animals was at all adequate. It 
will be seen, therefore, that the problem of di-amino synthesis 

has heretofore largely hinged upon the validity of the work of 

Henriques. 

The situation has been summed up by Rona in these words: 
‘“Vorlaufig mussen wir also daran festhalten, dass eine Ueber- 
fiihrung einer Aminosdure in eine andere, bezw. eine Neubildung 
einer Aminosdure (Glykokoll ausgenommen) im tierischen Organ- 
ismus nicht stattfindet.’’” | 














EXPERIMENTAL PART. 







Employing the methods which we have developed in recent 
years in connection with our feeding experiments with isolated 
food substances!’ we have accumulated a large number of data : 
which refer directly to the nutrient réle of gliadin in the animal 
organism. Inasmuch as we have ‘succeeded, by the application. 
of care in the management of the rats, by furnishing suitable 
hygienic environment and appropriately selected diet, in main- 
taining these animals in good nutritive condition on mixtures of 
isolated food stuffs over periods of more than 500 days, we believe 
that some of the criticisms which have been aimed at experiments | 
carried out on rats are thereby met. The guiding considerations 
which have led to the special proportions of nutrients, etc., in the» 
food mixtures reported below have been discussed in some detail:: 
in our previous publications."* The upshot of our trials has been A 
the demonstration that the gliadins of wheat and rye, as well as 
the closely related alcohol-soluble hordein of barley—all of which ° 
are similar in the proportion of their Bausteine—suffice for the» 
maintenance of rats without growth. . 






















‘6 Rona: Oppenheimer’s Handbuch der Biochemie, iv, pt. i, p. 550. 
. 7 Osborne and Mendel: Carnegie Institution of Washington, Publi- ' 
cation 156, pts. i and ii, 1911; Zeitschr. f. biol. ‘Technik u. Methodik, ii, p. 
313, 1912; and Zeitschr. f. physiol. Chem., 1912 (in press).. 
Osborne and Mendel: Carnegie Institution of Washington, Publi-> 
cation 156, pt. ii, 1911; Science, N.S.,-xxxiv, p. 722, 1911; Zeitschr.f. physiol. : 
Chem., 1912 (in press). “oe ) 
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Preparation and composition of gliadin. 


The gliadin used for these feeding experiments was made from 
very thoroughly washed wheat gluten from which all proteoses 
and other water-soluble proteins had been removed as completely 
as possible. The alcoholic extract of this gluten was filtered water- 
clear, thereby separating any suspended glutenin or other proteins 
insoluble in 70 per cent alcohol. After concentrating the alcoholic 
extract the residual gliadin was dissolved in alcohol, and its solution 
poured in a thin stream into a very large volume of cold water, 
thereby removing any water-soluble substance which might possi- 
bly be set free when the gluten was dissolved. The precipitated 
gliadin was again dissolved in alcohol, and its syrupy solution poured 
into a very large quantity of absolute alcohol, and thus precipitated 
as a coherent mass. This was then digested with fresh quanti- 
ties of absolute alcohol, and finally with ether and was easily 
reduced to a powder. After drying in the air, the gliadin thus ob- 
tained formed a snow white powder which was completely soluble 
in 70 per cent alcohol. It is difficult to see how gliadin, thus 
prepared, can contain any other proteins than those soluble in 
alcohol, or how any purer preparation could be made. 

As it was of the greatest importance to know whether or not 
this gliadin was entirely free from lysine, we made a very careful 
examination of two portions of 100 grams each, according to the 
method of Kossel and Kutscher, with which we have had extensive 
experience. The result was in each case entirely negative, corre- 
sponding with our earlier experience, as well as with that of Kossel 
and Kutscher and of Abderhalden. However, in view of the rela- 
ti:ely considerable precipitate produced by phosphotungstic acid, it 
seemed possible that some lysine might be contained therein, under 
conditions which rendered its separation as the picrate difficult. 
This seemed the more probable in view of our previous experience - 
in attempting to isolate lysine as the picrate directly from the 
products of the hydrolysis of casein. In this attempt we obtained 
less than one-half as much as by Kossel and Kutscher’s method, 
thus showing the effect of the presence of other amino-acids. 

We accordingly made renewed efforts to obtain lysine picrate 
from our solutions. In one case fractional precipitation with 
phosphotungstic acid was employed without success. In the other 
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case the alcoholic solution to which picric acid had been added was 
divided into two parts, one of which was allowed to evaporate 
slowly until nearly dry. The semicrystalline residue was extracted 
with alcohol. The insoluble residue when recrystallized gave 0.2 
gram of lysine picrate. The other half of the solution was neutral- 
ized with acetic acid and allowed to evaporate slowly until a 
considerable quantity of free amino-acids separated. These were 
filtered out and washed with alcohol. The alcoholic filtrate was 
neutralized with sodium hydroxide and treated with sodium 
picrate, whereupon a small precipitate of lysine picrate formed, 
which when recrystallized weighed 0.23 gram. We thus obtained 
0.43 gram of lysine picrate from 100 grams of gliadin correspond- 
ing to 0.15 per cent of lysine in this preparation. _ 

Whether or not this represents all of the lysine in this gliadin 
cannot, of course, be determined; but our previous experience 
with casein has convinced us that it is very difficult to separate 
all of the lysine picrate from solutions containing other amino- 
acids. Whether the presence of this lysine is to be ascribed to 
contamination of our preparation of gliadin with other proteins, 
or to the presence of a small amount of lysine in gliadin, is likewise 
difficult to determine. All we can say is that we do not know how 
any purer preparation of the substance heretofore known as 
gliadin can be made, and our present opinion is that future in- 
vestigations will show that gliadin does in fact yield a little lysine. 

The question is, therefore, raised: can the absence of any amino- 
acid from any protein be assumed solely because it cannot be 
separated by direct crystallization? In our opinion it cannot be 
so assumed. The known difficulty encountered in trying to thus 
separate all of any of the amino-acids from mixtures of them sup- 
ports this view, as does also the experience of Osborne and Jones 
and the more recent experience of Abderhalden. Both of these 
investigations showed that less than one-half the glycocoll, alanine 
or aspartic acid could be recovered from mixtures containing known 
quantities of pure amino-acids. 

Whether or not gliadin is actually deficient in glycocoll or 
lysine, we do know from incontrovertible evidence that it yields 
relatively very little glycocoll, arginine, histidine or lysine and ex- 
tremely large quantities of glutaminic acid, proline and ammonia. 
Gliadin, therefore, has a unique constitution, very different from 
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the tissue proteins of animals, as well as from most of the other 
proteins which are commonly present in the foods of men and 
animals. We should consequently expect to find the value of 
gliadin in nutrition to be different from that of other proteins 
which yield amino-acids in proportions corresponding more closely 
with those obtained from proteins of animal origin. Accordingly 
we have made a large number of prolonged feeding trials on both 
mature and growing rats, with the results described in the 
following pages. 


Maintenance experiments with grown rats. 


The illustrative protocols which are presented in graphic form 
are largely self-explanatory. The abscissae of the curves represent 
days and the ordinates actual body weight (solid line) or food- 
intake (dotted line) in grams. In the charts for ungrown animals 
the average (normal) curve of growth, plotted from body weight 
data available for normally growing animals of the same sex, is 
represented by a broken line for comparison. The food-intake 
curve is plotted from the weights of food eaten per week. Where 
numbers are marked on body weight curves they indicate the 
time at which changes in the character of the feeding were insti- 
tuted. 

In Charts 1, 2-and 3 are represented the results of prolonged 
maintenance trials with full grown rats in which gliadin formed 
the sole nitrogenous intake. These experiments far exceed 
the longest records of trials in any way comparable with our own 
which have been reported in the literature. Henriques’ records, 
for example, extend at best over only 23 days.2° A study of the 
dietaries quoted in connection with these charts will show that, 
for long periods, in several of our experiments, there was no possi- 
bility of the inclusion of any other protein than the gliadin itself 
in the make-up of the food, except in the very small quantity of 
feces supplied during period 2.2" Thus rat 130, Chart 1, was 


19 Some of the earlier portions of the charts in this paper have already 
been published elsewhere. 

20 Henriques: Zeitschr. f. physiol. Chem., |x, p. 105, 1909. 

21 See Osborne and Mendel: Carnegie Institution of Washington, Publi- 
cation 156, pt. ii, p. 60 for discussion of the effect of feces thus fed. 
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fed for 290 days on a food entirely free from any other protein 
than gliadin, before his condition became such as to render a change 
in his diet necessary. That the failure to be longer maintained 
in a satisfactory condition was not due to deficiencies in the gliadin 
is proved by the rapid recovery of health and weight when the 
non-protein constituents of the food were changed by replacing 
the inorganic constituents and a part of the carbohydrate with 
“protein-free milk.’”’?? A similar condition is shown by rat 134, 
Chart 2, but in this experiment the decline in weight occurred 
much earlier and the change in the non-protein constituents of 
the food had to be made after only 72 days. Rat 147, Chart 3, 
was kept on the original gliadin food for 256 days, but at that 
time its loss of weight and physical condition was such that it 
could only be restored by changing the protein to casein. Later 
(see period 6), the failure to thrive on the original gliadin food was 
completely remedied by the addition of “protein-free milk’’ to 
the diet. 

A possible criticism of these experiments concerns the residual 
content of milk protein in the “protein-free milk.’”’ Such analyses 
as we have made have indicated that the extent of this contami- 
nation cannot exceed 0.6 per cent of the entire food mixture—a 
quantity of ‘‘normal protein” far too small, as we have convinced 
ourselves by other studies directed te this point, to meet the nutrient 
deficiency of gliadin in respect to growth. However, the experi- 
ments.which have been conducted without the use of the protein- 
free milk bear direct testimony in favor of the conclusion that 
possible traces of contaminating milk protein cannot in any way 
explain the satisfactory maintenance of our animals, but that some 
other substance than the protein is the cause of rapid recovery 
induced by the addition of the protein-free milk. 

In the light of such long continued experiments, extending as 
they do over a very considerable portion of the natural life of an 
anima! whose longevity has been estimated at about three years, 
one must accept these observations as evidence that, so far as main- 
tenance is concerned, the protein of the food can differ very widely 
in its amino-acid make-up from the tissue proteins of the animal 
without affecting the well being of the latter. 


22 See ibid., p. 80. 
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Maintenance experiments with growing rats—failure to grow. 


The following charts illustrate the inability of wheat gliadin and 
other prolamines to promote growth under dietary conditions in 
which other single proteins have been eminently satisfactory. 
In Charts 4, 5 and 6 the curves of growth with casein, edestin, 
and glutenin will be found to correspond closely, during the first 
100 days, to those observed on animals receiving mixed food. 

The contrast of the trials with gliadin are striking in the extreme; 
and the results are the same if the alcohol-soluble hordein from 
barley or the gliadin from rye are used. We have tested the 
gliadin of wheat,” Charts 7, 8 and 9; of rye,” Charts 10 and 11, 
and the similarly constituted hordein of barley,?2 Charts 12 and 13. 
The results are the same, whether the trials be made at a very early 
age (compare Chart 7) or somewhat later (compare Chart 12). 
In corroboration of the statement that the results described repre- 
sent true maintenance without growth, we present two experi- 
ments, one with gelatin, Chart 14, and one with zein, Chart 15, 
which show by contrast the failure of maintenance when an abso- 
lutely inadequate protein, like those mentioned earlier, forms the 
nitrogenous constituent of the food intake. 

The youthful appearance of animals thus maintained without 
growth corresponds in every respect, so far as external characters 
go, with the size rather than the age of the animal.* That the 
failure to grow is in nowise attributable to any toxicity or inhibi- 
tory property of the specific proteins used is shown by experiments 
(see Charts 16 and 17) in which the addition of a small proportion 
of an ‘‘adequate’’ protein has sufficed to induce noteworthy 
growth. To determine whether growth could in any way be 
induced by largely increasing the content of the “‘inadequate’’ 
protein in the food mixture, special experiments were undertaken 
(see Charts 18,19 and 20). The relative variations in body weight 
in relation to the larger protein intake in the two series are too 
small to be of marked significance. 


*% The preparation and properties of these proteins are given by Osborne: 
Abderhalden’s Handbuch der biochemischen Arbeitsmethoden, ii, 1909. 

* Photographs of some of our ungrown animals maintained on gliadin 
will be found in Osborne and Mendel: Carnegie Institution of Washington, 
Publication 156, pt. ii, 1911. 
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Aside from their interest in furnishing a physiological differ- 
entiation between various proteins, as exemplified in the capacity 
or failure of maintenance, and the capacity or failure of growth, 
these experiments have a large field of interest in presenting a 
method whereby the effective stunting of animals can be induced 
at any stage in the normal period of growth. We have as yet 
not determined the possible alterations in the histological make-up 
of the organs and tissues which may be correlated with the suppres- 
sion of growth. There is much in the recent literature on infan- 
tilism which suggests that the dwarfing may be secondary to 
defects or alterations in organs, such as the ductless glands. One 
point alone may be emphasized here, namely, that the capacity 
to grow is by no means lost even after very prolonged periods ot 
stunting with the gliadin diet. This is shown in Chart 7 which 
exhibits satisfactory growth on a suitable dietary after a continuous 
suppression of growth lasting 277 days, when the animal was 314 
days old—an age at which normally little or no growth takes 
place.® 

Gliadin and gestation. 


Long continued feeding with gliadin as the sole source of nitro- 
gen by no means impairs the capacity of the animal to produce 
healthy young and suitably nourish them. The two animals whose 
records are presented in Charts 21 and 22 were paired and the 
female (Rat 129) gave birth to a litter of four at the end of 
178 days on the gliadin food mixture. The young rats whose 
growth records are reproduced in Charts 23, 24, 25 and 26 
were nourished satisfactorily by the mother during the first 
month of their existence, in so far as one can judge by their 
increase in weight, in comparison with that of normally reared 
rats. At the end of 30 days, three rats were removed from the 
mother and put upon diets of casein food, edestin food and milk 
food respectively. The fourth animal was allowed to remain in 
the cage with the mother whose sole source of nutriment was the 
original gliadin food mixture. It will be noted from the records 
that whereas the three removed animals manifested a normal 
growth on their new dietaries, which had likewise proved adequate 


% See also charts cxx, cxxi, cxxii and cxxiii, Publication 156, pt. ii, Car- 
negie Institution of Washington. 
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for growth in many other instances, the rat kept with the mother 
began to evince a failure to grow at about the period (30 days) 
when young rats are wont to depend upon extraneous food for 
nourishment. In the present case this means that the young 
animal, forced to depend upon the gliadin food mixture in place of 
the milk of its mother, showed the typical failure to grow on the “inade- 
quate’ diet wpon which the mother had not only been maintained but 
had actually produced young and secreted milk sufficient in quantity 
and quality to induce normal growth in her offspring. No doubt 
can remain, we believe, that in this experiment, in which there 
has unquestionably been a renewal, or new formation, of body 
tissue, very large in proportion to the original weight of the mother 
animal, there must have occurred a synthesis not only of the ‘“Bau- 
steine’’ deficient in the protein intake, but likewise of tissue and 
milk components like the nucleic acids (with their content of 
purines, pyrimidines and organically combined phosphorus), 
and phospho-proteins, like casein, etc., which were completely 
missing in the special food intake that had formed the sole food of 
the mother during several months. Unless one were prepared to 
maintain a profound alteration in the chemical make-up of this 
“gliadin family’ it must be admitted that synthesis in animal 
nutrition has here been demonstrated in a striking manner. 


We have elsewhere® taken cognizance of the possible réle of 
alimentary bacteria in furnishing some of the components which 
may be deficient in the dietary. These synthetic organisms may 
well be able to build new amino-acids out of a variety of substrates; 
and the possibility is thereby suggested of the production, through 
bacterial intervention, of complexes missing or deficient in the 
original food intake. We can hardly regard this possibility as an 
explanation of the ability of animals to be maintained on the 
abnormal proteins, gliadin and hordein; otherwise there is no 
apparent reason why they should not likewise be maintained by 
zein or gelatin, nor why growth should not also be possible with 
every digestible protein through the intervention of the bacterial 
protein complexes manufactured. It is more likely that growth 


26 Cf. Osborne and Mendel: Carnegie Institution of Washington, Publi- 
cation 156, pt. ii, p. 61, 1911. 
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hinges on the intervention of some protein complex not essential 
for the endogenous metabolism of the individual. 

The unique features of growth and maintenance on the special 
proteins here considered serve to emphasize the fact that mainte- 
nance experiments alone cannot suffice to solve the problem of 
the full biochemical value of dietaries. Nutrition involves an 
ensemble of processes which are determined or modified by factors 
whose real significance is only beginning to reveal itself. No 
method of study involving well controlled conditions need be cast 
aside; but hasty judgment formed as the result of brief feeding 
trials on larger animals containing an abundant reserve supply 
must henceforth be accepted with extreme caution. 
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Cuart 2, Rat 1349, shows long continued maintenance on a diet containing gliai ole 
by an ulcer of the pylorus. 
The diet during periods 1 and 2 was: 
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The animal’s life was terminated after 511 days of experimental feeding 
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Cuart 3, Rat 147 9, shows long continued maintenance on a die@ning 
lung disease after 445 days of experimental feeding. 
The diet during the different periods is shown below. DuringpJa sm 
legend on Chart 1. 
PERIODS 1, 2, 3 AND 6. AND 7. 
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ning gliadin as the sole protein. The animal’s life was terminated by 


a small quantity of feces from rats on a mixed diet was supplied. See 


AND 7. 





100.0 
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Cuart 6, Rat 284 o’, shows normal growth on 
a diet containing glutenin which, together with 
an approximately equal quantity of gliadin, 
forms about 80 per cent of the proteins of the 
wheat kernel. 

The diet was: 


Glutenin (wheat) 
Protein-free milk 
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Cuart 7, Rat 240 9, shows failure to make more than slight growth on a 
rate after 276 days of stunting. At this time the rat was 314 days old, an : 
The diet during periods 1 and 2 was: 
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pining gliadin as the sole protein, and capacity to resume growth at a normal 
+h rats normally grow very little more. 
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Cuart 10, Rat 534 9, shows failure to make more than 
slight growth on a diet containing gliadin from rye as its 
sole protein. The animal died after 152 days of experi- 
mental feeding with diseased lungs. 

The diet was: 


PERIOD 1. PERIOD 2, 
per cent. per cent. 
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Cuart 11, Rar 549 o, shows failure to make more than slight growth 
on diets containing gliadin from rye and later gliadin from wheat. This 
experiment was terminated by the death of the rat after 172 days of experi- 
mental feeding. The only abnormal condition revealed by the autopsy was 
a collection of hair balls in the stomach. 

The die during periods 1 and 2 was: 


PERIOD 1, PERIOD 2. 
per cent per cent. 
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PS eed Soda ch cea ehhh ak cae deta bee even 26.0 28.0 


100.0 ~©~—-100.0 


























































































T 
| 
T a y 
vf an E 
por / | © 
‘3 | 
/ 
| | H 
0 an St 1 
—-~- ~-|------ p}-~---+--- Hordein + Protein-free _e alec docwce yeu Spee > *| 
ih . 
50 . vA \ £ | 
on™ - --—~ Perr. aa Ps. sy i / 57h a. s ' 
Pg wee © ™ Teas - we of Vas: 
~s \ 
\ 
* + 
“ > \ | 
é | | 
ee 
© Days 20 40 60 80 joo 120 140 60 «180 200 220 240—t«GO 






Cuart 12, Rat 255 9, shows failure tomake more than slight growth on a diet con- 
taining hordein from barley as the sole protein. Hordein is very much like gliadin in phys- 
ical properties and amino-acid make-up and appears to have a similar value in nutrition. 
This rat died suddenly after 249 days of experimental feeding but no cause for death was 
shown by the autopsy. 

The diet during periods | and 2 was: 









PERIOD 1. ' PERIOD 2. 
per cent. 
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have a similar 
value in nutrition. The animal died suddenly after 220 days of experimental feeding but 
an autopsy failed to show anything abnormal. 






The diet during periods 1 and 2 was: 
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Cuart 14, Rat 615.7, shows failure 
to grow or even be maintained during 
period 1 on a diet containing gelatin as 
its sole protein, and recovery when one- 
half of the gelatin was replaced by glia- 
din. The final fall in weight was due to 
diseased lungs which caused death. 

The diet during periods 1 and 2 was: 


PERIOD 1. PERIOD 2. 
per cent. 

Gelatin.......... 18.0 Equal parts of gela- 
Protein-free milk 28.0 tin food (as in period 

Starch........... 27.0 1) and gliadin food. 
Se hiaes - 27.0 per cent. 
100.0 Gliadin.......... 18.0 
Protein-free milk 28.0 
Starch........... 26.0 
pe San es 28.0 
100.0 


Cuart 15, Rat 634 co’, shows a rapid 
decline in weight, despite a food intake 
quite sufficient for maintenance, when 
the diet contained zein as its sole pro- 
tein. Note the rapid repair and growth 
when the zein was replaced by lactal- 
bumin and sudden decline when the 
rat was again placed on the zein food. 

The d et in the different periods was: 
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PERIODS 1 AND 3. PERIOD 2. 
grams. per cent. 
IE os sien sdsce nck 18.0 Lactalbumin.... 18.0 
Protein-free milk 28.0 Protein-free milk 28.0 
Starch........... 24.0 Starch........... 29.0 
BUC cadeccccess 30.0 WN ss tos cd 25.0 
100.0 100.0 
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Cart 16, Rat 287 o’, shows nor- 
mal growth on a diet in which the 
protein consisted of 1 part casein and 
3 parts of gliadin. Note the effect 
on the rate of growth induced by 
f / this small proportion of casein. Cf. 

is) Charts 7, 8, 10, 13, 18 and 19. 
y The diet consisted of a mixture of 
one part of thé casein food with three 
; parts of the gliadin food. 

ys Glad 


tint Proteinfree milk 75 %> 
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per cent. percent, 
eee 

TS eee 
Sucrose.......... 17.0 

5.0 Te oe, 
Salt mixture I... 2.5 

100.0 eR 


100.0 






































Cart 17, Rat 280 <o, shows nor- 
mal growth on a diet in which the 
protein consisted of 1 part casein 
and 3 parts of gliadin. Note the ef- 
fect on the rate of growth induced 
by this small proportion of casein. 
Cf. Charts 7, 8, 10 13, 18 and 19. 

The diet consisted of a mixture of 
one part of the casein food with three 
parts of the gliadin food. 














Gi Proteintree milk 
tadiny Proternfrge milk Wf GLIADIN FOOD. CASEIN FOOD. 





per cent. per cent. 
Cusete:......¢.<c ae 
Starch........... 32.5 
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Cuart 18, Rat 588 9°, shows fail- 





ure to grow on a diet containing 
gliadin as the sole protein and an 
artificial imitation of the natural pro- 











tein-free milk. After 114 days the 
artificial protein-free milk was re- 





le Gliadin + artifical ProtemmFiree milki- —ae 


Po 


et. 
~~ ~~ —) an s 


placed by natural, but the decline in 
weight which had begun was not 
stopped by this change. The autopsy 























Pri Ss a 


| showed no adequate cause for death. 
The diet in periods 1 and 2 was: 
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PERIOD 1. 
per cent. 
RR roc ous eS 18.0 
Artificial protein-free milk. 30.0 





PERIOD 2. 
per cent. 
Ch ianncgucsvnssas¥nn ae 
Protein-free milk.......... 28.0 


Cuart 19, Rat 594 o’, shows failure 
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Gliadip 25% + orf figiel ht” 5 | to make more than slight growth on a 








Pict bon 























6 Deys 20 40 60 80 100 











~ 





/ 
«-Glyadiy 35% rartficial Prot ree milk | 
/ : 
So wt 


lg. 
|/ 
/ 





























diet containing gliadin as its sole pro- 
tein and an artificial imitation of the 
natural protein-free milk. The animal 
died after 92 days of experimental feed- 
ing. Calculi were found in the bladder 
and left kidney. 


The diet was: 


Cuart 20, Rat 603 co’, shows failure to 


7 grow at normal rate on a diet containing 
/ gliadin as the sole protein. In this ex- 
periment an artificial imitation of the 
/ natural protein-free milk was used. This 
/ animal died after 105 days of experi- 
+ mental feeding with diseased lungs. 


The diet was: 


Na a ise een nas 35.0 
Artificial protein-free milk..................... 30.0 


acl ne PS MM paSakscg vps dos Te hoh vide ce Puce athe . 30.0 


504 














= 
as) 
S 
P) 
= 
faa 
= 
a-) 
fas) 
0) 
c 
onl 
3 
Q 
Nn 
e) 
aa 
a 


‘utejO1d ajos ey} 

SB UIPBI[Z pourezUOD poo} ayy 4BY4 49Bj OY} Jo ayIds Ul AouUvUBeId ZutINp 4YZIEA UI UIVS pidei puB yve13 AOA 94} 930N 

‘apeu sem Asdoyne ou Ajeyeunqlojuy, ‘outjep eyy peddoys 4orp poextul usAs 10 ulejO1d UT eZuBYyd B JOYyIeU 9dUTIS 

asvesIp ouIOS WI0I} A]jUeIedde Zutpoe [wyueuTTIedxe jo sAup Z1Z 104JB polp ywisyy, ‘“urozo1d o[Os $41 sv UIpPET]S Zurure, 
-u0d 4oIp B UO SABP Q/T IO} Burpoos 19jJv Zunod jo uoyonpoid puv souvuszurvul smoys ‘4 GZ LVY ‘IZ LUVHD 

vz 08! 091 Ov! ozi oo! 08 99 Ov 0z hed 9 
*“pooj pexi . ar INS ae CECT eek ea % T 
‘p aolugdd 








0°00 

or. 

Se 

88% 

& 8S A[FUl o1j-AjozOI J 


ORE CC upeseg 
*quao sad 


*¢ aqormad 
™ 
o'¢ gh Sele 








—4—- —- -——_-- + - -—------ 


pag! ea Pcs + VIpoys ~4 


~~ 





a 





- 


(€-2) 4If4 2044 prayosy +|urapsoyy 


Z'8Z Alu eeay-uyazo1g 
ujepioyy 


a 


“uigso 


*quao sad 
‘% qurmga 





poo; Dew ims 
TTT 
+ 








0001 
Oe paw 
Og CU aeBy 
8°0% 
28S A[PUl 9e1j-ujozol 
; UIPsITD 








dl 


(+-€) 


*ymao wad 
"| aqomada 








[SUM yotp au L °q buno, 





















































Aen arenes 


SIE or 


506 


Gliadin 


in Nutrition 








































































































| | | 
| aa 
| j 4 j 
See cola | 
| } | s 
260 + + - = 
i | 5 
} 5 
“ | Na 
} i ; ; 
t 
ee | | | i 
z20 eae : mame coir: +—— 
4 P| 
~ \ 
| } | 
CPS Brae eee ie Se SD \ 
i80 : +— ! = 
| i £ 
| | | 
160 + t - - 2 
| { } ; © 
Ie —-- 4---- 4-Ghadn t Pedbeiir Fide milki----4----+¢----+----8-2-+-+-3 
| 2 
se — wrae Sees ree Gee FS 
a gen A " si a . © t 
| ee | | % 
‘\ * ¢ | i Vv | $ i 
60 v T t . — prey 
‘ 
| | | 4 ‘ | 
| | es 
40 ‘Gein Scans Gna Marie Gee wan Wedes eae | 
“ | } | i | . v/ 
£ | v 
5 | | | | | | | | | 
© Day> 20 40 60 80 100 120 140 160 180 200 220 240 


CuartT 22, Rat 168 co’, shows maintenance and fertility on a diet containing 
gliadin as its sole protein. After 154 days this rat was paired with Rat 129, four 
young being the result of the mating. The animal died with diseased lungs after 
230 days of experimental feeding. 

The diet was: 


PERIOD 1. PERIOD 2. 

per cent. per cent. 
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Cuart 23, Rat 378 co’, shows normal growth during 284 days on a diet containing all of the ingredi- 
ents of milk. Note the vigorous growth of this animal which was produced and suckled, period 1, 
by a mother whose food during the previous 178 days contained gliadin as its sole protein. 


The diet was: 
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Cuart 24, Rat 379 <’, shows normal growth on a diet containing 
casein as its sole protein up to an age of 120 days. The subsequent 
fall in weight is characteristic for animals thus fed and will be discussed 
in a later paper. This animal was produced and suckled by a mother 
previously fed for 178 days on a diet containing gliadin as its sole pro- 
tein. 

The food during period 1 was its mother’s milk; during period 2 
as follows: 


PERIOD 2. 

per cent, 
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Cuart 25, Rat 380 9, shows normal growth on a diet containing edestin 
as its sole protein up to an age of 120 days. The subsequent fall in weight is charac- 
This animal 


teristic for animals thus fed and will be discussed in a later paper. 


was produced and suckled by a mother previously fed for 178 days on a diet con- 


taining gliadin as its sole protein. 


The food during period 1 was its mother’s milk; during period 2 as follows: 
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PERIOD 2. 
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: f Cuart 26, Rat 381 9, shows failure to grow on a diet containing gliadin 
} as its sole protein, period 2, and resumption of growth when the gliadin 
i of the food was replaced by casein, period 3. The experiment was termi- 
nated by the death of the animal. Autopsy showed calculi in the kidneys. 
ureters and bladder. This animal was produced by a mother previously 
fed for 178 days on a diet containing gliadin as its sole protein. During 
period 1 it was suckled by its mother. 
The diet was: 
: PERIOD 2. PERIOD 3. 
i per cent. per cent. 
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THE CHEMISTRY OF GLUCONEOGENESIS. 


I. THE QUANTITATIVE CONVERSION OF PROPIONIC ACID INTO 
GLUCOSE. 


' By A. I. RINGER. 


(From the Department of Physiological Chemistry of the University of 
Pennsylvania. ) 


(Received for publication, August 2, 1912.) 


Within the last ten years it has been shown conclusively that in 
diabetes the glucose may find its origin in protein. Stiles and 
Lusk! gave a diabetic dog a mixture of amino-acids which had 
been obtained from a pancreatic digest of meat. They found an 
increase in the sugar elimination corresponding to about 40 per cent 
of the administered amino-acids. Since then, several investigators 
have studied the fate of the individual amino-acids in the diabetic 
organism. 

Knopf? obtained a decided increase in the glucose elimination 
in a phlorhizinized dog that was fed on meat and to whose diet 50 
grams of asparagine had been added. Embden and his confréres® 
fed glycocoll and alanine to depancreatized dogs and obtained a 
considerable increase in the glucose elimination. Ringer and 
Lusk‘ working on phlorhizinized dogs, showed that glycocoll and 
i-alanine may be completely converted into glucose, and that 
aspartic and d-glutamic acid may yield glucose corresponding to 
about three carbon atoms of their respective molecules. Mandel and 
Lusk® showed that lactic acid may also be completely converted 
into glucose. Héckendorf* showed that the feeding of propyl 


1 Amer. Journ. of Physiol., ix, p. 380, 1903. 

2 Arch. f. exp. Path. u. Pharm., xlix, p. 123, 1903. 

* Beitr. z. chem. Physiol. u. Path., v, p. 507, 1904; vii, p. 298, 1906. 
4 Zeitschr. f. physiol. Chem., \xvi, p. 106, 1910. 

5 Amer. Journ. of Physiol., xvi, p. 129, 1906. 

® Biochem. Zeiischr., xxiii, p. 281, 1909. 
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alcohol may give rise to glucose. This last finding was corrobor- 
ated by Ringer and Lusk.’ 

In the present series of investigations, it is the author’s object 
to find which chemical radicals determine the conversion or non- 
conversion of amino-acids and chemically related substances into 
glucose. In this paper, the fate of propionic acid in diabetic dogs 
will be discussed. 

Methods. The methods employed in this series of researches 
are similar to those described by Ringer ‘And Lusk and need not 
be repeated here. Merck’s phlorhizin was used and the propionic 
acid was prepared by Kahlbaum. 

The results are as follows: 


EXPERIMENT I. 


T welve-hour periods. 


z Py 2 
2 = 
: | 8 B m 8 z z e . : . REMARKS 
es| = < < ie bee: ms aes | 6s 
es z e S a Zz < a 
kilos | grams | grams gram gram _ = grams 
20' IV 12.9 6.5 22.5 3.46 0.39 | 0.30 2.07 Fasting. 
20, V 12.4 62 30.7 6.00 0.34 0.19 2.16 10 grams of pro- 
| | pionic acid 
| (neutralized 
with NaOH) 
| given subcu- 
taneously in 
| | two doses. 
21; VIi 5.6 23.9 4.35 0.38 0.43 2.71 | Fasting. 





This animal was in good shape throughout the experiment. The 
first three periods were devoted to other studies, which will be 
reported elsewhere. At the beginning of the fifth period, the 
animal received subcutaneously 10 grams of propionic acid which 
had been dissolved in 70 ce. of water and neutralized with NaOH. 
As is seen from the D:N ratio, not all of the extra glucose was 
eliminated in that period, but some was carried over to the sixth 


7 Loc. cit. 
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period. The D:N ratio fluctuates from day to day to but a slight 
extent. Any change that may occur is usually in a downward 
direction, and this method of calculating the “extra” glucose 
really represents minimal results. If we assume that, without 
the influence of the propionic acid, the D:N ratio in periods V and 
VI would have continued at 3.46:1 (since the animal eliminated 
11.7 grams of nitrogen in these two periods) then the amount 
of glucose in these two periods should have been (11.7 X 3.46) 
40.5 grams. The actual amount of glucose eliminated was 54.6 
grams, which shows that 14.1 grams of glucose came from the 10 
grams of propionic acid. 













EXPERIMENT II. 


T welve-hour periods. 








6a .) 2 

. . cE iE 

= : = = Sak as ee 

é 8 > = 4 | 7 zZ S nt : . REMARKS 

ei a | bl el et 2 le S| 

ts z g iS = Z < a 

kilos | grams | grams | gram gram grams 

15' IV $14.0 5.41 19.3 | 3.58 | 0.37 | 0.23 | 1.94 | Fasting. 

15 V 46 24.9 6546 0.18 0.16 1.59 10 grams of pro- 
pionic acid as 
above given 
per os. 

16=Ss«WV*~dI 44 19.1 433 0.18 0.19 2.29 Fasting. 







16 «VII 4.5 15.1 3.37 0.23 | 0.13 2.31 | Fasting. 










In this experiment, as in the first, “extra’’ glucose was elimi- 
nated after feeding sodium propionate. The D:N ratio in the fore 
and after period was 3.58 and 3.37; if we take the mean—3.47— 
for periods V and VI, and apply the same method of calculation 
as above, we find that the 10 grams of propionic acid yielded in this 
case 12.8 grams of glucose. 

Experiment III is corroborative of the first two. Here the 
“extra” glucose is completely eliminated in period III. The D:N 
ratio in periods II and IV is 3.9 and 3.65. By taking the mean of 

















8 The extra glucose was identified as such through the correspondence of 
the figures obtained by the polariscopic determination with those of Allihn’s 
gravimetric method. 
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EXPERIMENT III. 


T welve-hour periods. 





. E 
F a & z e | BE | REMARKS 
ee| 2} | s | € | 2 | g88] 
Z = e g ee Sk eee 
kilos | grams | grams | gram — 
2 | II! 12.3 | 8.20! 31.97) 3.90 | 0.212) Fasting. 
2 Ill | 8.06 | 47.46 5.88 0.070, 10 grams of propionic acid 
| neutralized with (NH,).CO; 
| given subcutaneously in two 
| doses. 
a ee 8. 30 | 30.30, 3.65 | 0. 0.192 Fasting. 
3 Vi it. 71 8.32 | 28.29 3.40 | 0.196, Fasting. 
4 VI. 8. 08 29. 0.34 3.6 3.63 | 0. 


222, Fasting. 


these two as the ratio for period III, we find that 17.1 (8.06 x 
3.77 = 30.39. 47.46 — 30.39 = 17.07) grams of glucose came from 
the propionic acid. 


DISCUSSION. 


If all of the carbon of the propionic acid goes over into glucose, 
10 grams of propionic acid can give rise to 12.2 grams of glucose. 





CH; 

2 Oi caso. 
las 

148 : 180 


In the experiments reported above, we find that in every case more 
glucose was eliminated than can be theoretically attributed to the 
propionic acid. 





GRAMS ABOVE THEO- 
EXPERIMENT | EXTRA GLUCOSE \|RETICAL GLUCOSE VALUE 
| OF PROPIONIC ACID 





hsid sn he Sealed ncnd dks eee 14.1 





| 1.9 
Be ey hee en Cie Oecsy ean ES OOes 12.8 0.6 
Be os Nee ee ES es ce poke Bere het 17.1 | 4.9 
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The excess in the first two experiments may be attributed to 
errors in calculating the “assumed” D:N ratio. The value in III 
is a little too high. Its significance will be investigated in the 
near future. 

Up to the present time, it was believed that for the conversion 
of a substance into glucose, an alcohol, aldehyde ora ketone radi- 
cal in the molecule was essential. This is the first proof to the 
contrary. It shows very clearly that a fatty acid may be 
converted into glucose. 


SUMMARY. 


Three experiments were performed on phlorhizinized dogs, which 
received 10 grams of propionic acid either subcutaneously or per 
os. The results justify the conclusion that the propionic acid 
is completely converted into glucose. 
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285. 

Aliphatic amino groups, determina- 
tion of, 275. 
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399. 

Amino-acids, determination of in the 
urine, 301. 

Analysis of blood and tissues, protein 
metabolism from the standpoint 
of, 141, 253, 259. 
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239, 245, 253. 
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groups, 275; of amino-acids in the 
urine, 301; of ¢he relative activity 
of tryptic solutions, rapid method 
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245. 

Diabetes, experimental, protein met- 
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ingestion of meat, 349. 

Dox, ArtTuur W. and LEonarD May- 
NARD: Autolysis of mold cultures, 
227. 


Eggs of sea urchin (strongylocentro- 
tus purpuratus), fertilization of 
by a substance extracted from 
the sperm of same species, 1. 

Elimination of certain urinary con- 
stituents during phlorhizin dia- 
betes, influence of sodium tar- 
trate upon, 115. ; 

Esters, pyrophosphoric acid, of ino- 
site, 97. 

Estimation, of cholesterol, 197; of 
creatine in the presence of sugar, 
73; of inorganic phosphorus in 
plant substances, 65. 

Excretion of iron in the urine in 
pneumonia, 37. 


FarRMER, CHESTER J.: see Kendall 
and Farmer, 13, 19, 215, 465, 469; 
Kendall, Farmer, Bagg and Day, 
219. 

Fat-free food mixtures, feeding ex- 
periments with, 81. 

FENGER, FREDERIC: On the presence 
of active principles in the thyroid 
and suprarenal glands before and 
after birth, 55. 
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meat, 349; protein, from the 
standpoint of blood and tissue 
analysis, 141, 253, 257; protein, 
in experimental diabetes, 431. 

Method, colorimetric, for determina- 
tion of tyrosine in proteins, 245; 
for estimation of cholesterol, 
197; for the synthesis of phenyl- 
alanine, 205; of estimation of 
inorganic phosphorus in plant 
substances, 65; rapid, of deter- 
mining the relative activity of 
trypsin solutions, 23. 

Methyl! guanidine in urine of para- 
thyroidectomized animals, 313. 

Meyer, Gustav M.: see Van Slyke 
and Meyer, 399; Levene and 
Meyer, 265. 

Mold cultures, autolysis of, 227. 
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Nitrogen, amino-acid, determination 
of in the blood, 399. 
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ture of, 411; yeast, formation 

of guanylic acid from, 31. 


. Nutrition, réle of gliadin in, 473. 
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313. 

Phenylalanine, synthesis of, 205. 
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uents during, 115. 

Phlorhizin glycosuria, influence of 
glutaric acid on, 223. 
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of wheat bran, 447. 
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stances, improved method of es- 
timation, 65. 

Phosphotungstic acid, removal of, 
from aqueous solutions, 437. 
Phosphotungstic - phosphomolybdic 
compounds as color reagents, 

239. 

Phytin, 97, 447. 

Picrolonates of the monoamino- 
acids, 127. 

Plant substances, improved method 
of estimation of inorganic phos- 
phorus in, 65. 

Pneumonia, excretion of iron in the 
urine in, 37. 

Propionic acid, conversion-of into 
glucose, 511. 

Protein assimilation, 399. 

Protein metabolism, from the stand- 
point of blood and tissue analy- 
sis, 141, 253, 259; in experimen- 
tal diabetes, 431. 

Proteins, conditions for complete 
hydrolysis of, 295; tyrosine in, 
245. . 

Purines, researches on, 91. 

Pyrophosphoric acid esters of ino- 
site, 97. 


Refractivity of the products of hy- 
drolysis of casein, 23. 

Respiration calorimeter, 317. 

Ricue, J. A.: see Williams, Riche and 
Lusk, 349. 











Rincer, A. I.: On the influence of 
glutaric acid on phlorhizin gly- 
cosuria, 223; Protein metabo- 
lism in experimental diabetes, 
431; The chemistry of gluco- 
neogenesis. I. The quantita- 
tive conversion of propionic acid 
into glucose, 511. 

Ritter’s method for estimation of 
cholesterol, 197. 

Rosertson, T. Braitsrorp: Note 
on the refractivity of the prod- 
ucts of the hydrolysis of casein, 
and a rapid method of deter- 
mining the relative activity of 
trypsin solutions, 23; On the 
extraction of a substance from 
the sperm of a sea urchin (stron- 
gylocentrotus purpuratus) 
which will fertilize the eggs of 
that species, 1; On the non- 
enzymatic character of odcytin 
(odcytase), 163; see also Gay 
and Robertson, 233. 

Rose, Wiiii1am C.: Experimental 
studies on creatine and creatin- 
ine. IV. The estimation of 
creatine in the presence of sugar, 
73. 


Sea urchin (strongylocentrotus pur- 
puratus) extraction of a sub- 
stance from the sperm of, which 
will fertilize the eggs of that 
species, 1. 

Sodium tartrate, influence of, upon 
elimination of certain urinary 
constituents during phlorhizin 
diabetes, 115. 

Sperm of sea urchin, extraction of a 
fertilizing substance from, 1. 

Stomach, absorption from, 259. 

Strongylocentrotus purpuratus, ex- 
traction of a fertilizing sub- 
stance from which will fertilize 
the eggs of, 1. 

Sugar, estimation of creatine in the 

presence of, 73. 


Index 





521 


Suprarenal gland, presence of active 
principles in, before and after 
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of thiotyrosine, 175. 
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with paranuclein 
casein, 233. 
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Thiotyrosine, synthesis of, 175. 
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side from, 377; structure of, 411. 
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principles in, before and after 
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INTRODUCTION. 


That proteins and their constituents combine with heavy metals 
to forth “complexes” has been known for some time. Among 
these copper has received the most attention and considerable 
work has been done on the copper complexes of amino-acids; they 
have been isolated,? analyzed and studied by chemical and physi- 
cal methods. On the other hand the complexes of peptides and 
peptones have received only a superficial and qualitative study. 
This is not due to the unimportance of peptide copper salts, for 
the behavior of peptide and peptone copper salts on treatment 
with an excess of alkali has been and is yet the most reliable test 
known for protein-like substances. The real reason for this lack 
of investigation is, without doubt, due first to the difficulty of ob- 
taining peptides and peptones pure, and second to the fact that 
the copper salts of these substances are not easily crystallized. 
It is our belief that a quantitative study of these copper salts* will 
throw some light on the constitution of proteins and it is therefore 
our intention to continue from time to time our efforts in this field. 

In a previous preliminary communication* one of us showed a 


‘Read before the Section on Organic Chemistry, International Con- 
gress of Applied Chemistry, New York, Sept., 1912. 

? Ley: Zeitschr. f. Electrochem., xi, p. 954; Schiff: Ann. d. Chem., xiliii, 
p. 123; Bruin: Chem. Zentralblatt, p. 824, 1904; Ley and Krafft: Ber. d. 
deutsch. chem. Gesellsch., xl, p. 697, 1907; Fischer: Untersuchungen tiber 
Amino-sduren, Polypeptide und Proteine, 1906. 

’ The term copper salt, used here and throughout the paper, has refer- 
ence to a true salt, i.e., the product of the action of amino-acids and pro- 
tein-like substances in general on cupric hydroxide, oxide or carbonate. 

* Kober: this Journal, x, p. 9, 1911. 
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2 Peptide Copper Complexes 





striking difference between the salts of amino-acids on the one 
hand, and the salts of peptides and peptones on the other. As 
stated in the previous paper, “‘the copper salts of the amino- 
acids in alkaline solutions,( . . . . contrary to statements 
in scientific literature,) particularly on warming or on boiling, 
precipitate copper as the hydroxide, quantitatively. Peptides 
and peptones, on the other hand, give very little or no hydroxide 
under the same conditions.” 

The explanation of this important difference may possibly be 
due to one or more of the following reasons: (1) A marked differ- 
ence in the constitution of these salts; (2) A change of constitution 
brought about by the excess alkali; (3) A change in the form or 
condition of the copper due to the presence of the protein-like sub- 
stances, e.g., ‘‘colloidal copper.’”® ; 

The fact that peptides do not form copper salts strictly in accord- 
ance with the number of free carboxyl groups,* as do most of the 
amino-acids, favors the theory of a difference in the constitution 
as the cause of their abnormal behavior on treatment with excess 
alkali. The fact that most copper salts of peptides and peptones 
change color on treatment with alkali, giving the so-called ‘‘ biuret 
color,’ indicates that a change of structure in these peptides takes 
place on adding excess alkali. The fact that a similar phenomenon 
described by Paal and Leuze’ was explained as a “colloidal pro- 
cess” gives a certain degree of plausibility to the third reason. 
As will be seen, the data given in the latter part of this paper sup- 
port the first two explanations, while not many facts support the 
third.* 

As Leuchs,’ conjunctively with Manasse and La Forge, has con- 
siderable experimental basis for considering that carbethoxyl- 
glycyl-glycine ester and allied compounds have two forms, the 
lactim and the lactam, we believed at first that the lactim form 
was the chief cause for the copper not precipitating in alkaline 
solutions, behaving in this respect like other hydroxy-acids, such 


> Paal and Leuze: Ber. d. deutsch. chem. Gesellsch., xxxix, p. 1545. 

6 Fischer: Untersuchungen tiber Amino-sduren, Polypeptide und Pro- 
teine, 1906, p. 50. 

7 Loc. cit. : 

8 Copper salts in weak alkaline solutions dialyze, but when the alkali 
is strong, they combine with the membrane and cause difficulties. 
® Ber. d. deutsch. chem. Gesellsch., xl, p. 3235; xli, p. 2586. 
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as lactic, tartaric, etc.; but owing to the lack of spectrographic 
data we cannot say whether this really plays a part or not. 

As part of our results are at variance with some obtained pre- 
viously by other investigators, our technique and results will be 
described and discussed before data are weighed in support of 
any theory. 

TECHNIQUE. 


Fischer,!° Abderhalden,'' and others prepared the copper salts 

of amino-acids, peptides and peptones by boiling with cupric 
oxide. We found that they were formed best at a low temperature, 
with cupric hydroxide, preferably in an ice mixture. Since some 
heat of neutralization makes the process an exothermal one, it is 
not unexpected that the reaction will be complete at a low temper- 
ature. A further objection to boiling lies in the fact that a few 
of these salts have a slight tendency to hydrolyze. Where a reac- 
tion can be brought about at a freezing temperature the danger 
of decomposing unstable peptides is obviously reduced to a mini- 
mum. 
The form of the copper hydroxide is very important as on stand- 
ing it is dehydrated with the formation of cupric oxide. That 
cupric oxide is slower in its reaction with these peptides can readily 
be seen from the constitution of the copper salts.” 

The best conditions for forming these copper salts quantitatively 
are as follows: 

a. For soluble substances. 


For every 0.1 gram of amino-acid or peptide 5 cc. of 5 per cent cupric 
chloride solution are diluted to 150 or 200 cc. with ice-cold distilled water 
and neutralized with alkali. This can be done most suitably by mixing 
100 grams of fine ice with 5 cc. of 5 per cent cupric chloride solution and 100 
ce. of distilled water and neutralizing with ¥ alkali, using phenolphthalein 
as an indicator. The neutralized mixture is then filtered, the ice being 
placed on the filter also in order to keep the precipitated cupric hydroxide 
cool. The hydroxide is washed once or twice with cold distilled water on 
the filter paper, removed with the ice to the cooled 10-20 cc. solution of the 
amino-acid or peptide and stirred for from five to ten minutes. 

On filtering off the excess cupric hydroxide and washing thoroughly, the 
solution will contain the copper salts of all the substances. As a rule, 
the solutions require boiling, to decompose the very appreciable amount 





10 Fischer: loc. cit. 
11 Abderhalden: Ber. d. deutsch. chem. Gesellsch., xxxx, p. 2746. 
12 Amer. Chem. Journ., Nov., 1912. 
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of carbamino salts that are formed with CO, of the air, and this may be 
done before filtering. To ascertain the amount of copper hydroxide dis- 
‘solved, the copper salt may be titrated directly (with 0.04 n Na.S.0;) by 
adding 5-10 ec. of glacial acetic acid and 24 grams KI. The amount of 
carbamino salts formed is increased by the presence of sodium chloride, 
whereas alcohol, on the contrary, hinders their formation. 


b. For insoluble substances with slightly soluble copper salts. 


If the amino-acid or peptide is insoluble, 10-20 cc. of 4 ammonia are 
added to the sample and it is stirred until dissolved. If necessary the 
mixture may be heated to hasten solution. After cooling the solution in 
an ice mixture, cold cupric hydroxide, made as above, is added and stirred 
for from five to ten minutes; 150 cc. of water are then added and the solu- 
tion filtered after thorough shaking. The precipitate is washed well with 
hot water and the filtrate and wash waters are concentrated. The amount 
of copper hydroxide dissolved may be titrated iodimetrically in the usual 
way. Controls on this method, using copper hydroxide’ and 20 cc. of 75 

ammonia, gave only 0.0003 to 0.0005 gram of copper oxide in the filtrate. 


c. For insoluble substances with quite insoluble copper salts. 


Where the copper salt crystallizes out and is filtered off with the excess 
copper hydroxide, it is necessary to separate the two precipitates. 

Very satisfactory reagents for this purpose are the bicarbonates of 
sodium and potassium. Using 10 and 20 per cent solutions of KHCO; we 
have obtained the results given below on leucine, tryptophane, cystine, 
amino-n-caproic acid and phenylglycine. 

The amino substance is treated as in b, but the excess copper hydroxide, 
mixed with the insoluble copper salt, is then treated with 20 cc. of 20 per 
cent KHCO; and washed with small lots of 10 per cent KHCO; until the 
filtrate shows only traces of copper. To determine directly the amount 
of copper hydroxide dissolved, the final residue of copper salt is then trans- 
ferred with the filter paper to the first filtrate and after being dissolved in 
dilute hydrochloric™ acid is titrated as before. 


On page 13 under experimental notes we give a few experiments 
on the solubility of these “insoluble” copper salts in various con- 
centrations of potassium bicarbonate. In the near future we hope 
to give the details of more experiments along these lines, especially 
on the determination of amino-acids in the presence of polypeptides. 

Boiling directly with copper hydroxide or oxide will result without 
doubt in the incomplete formation of copper salts; this fact helps 
to explain the unexpected results obtained by Abderhalden and 
Hirsch on d-alanyl-l-leucyl-isoleucine and its glycyl derivatives 
(see page 7). 

13 As large amounts of potassium acetate retard the iodimetric titrations 
of copper, we neutralize with pure HCl. 
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SUMMARY OF DATA. 


Amino-acid copper salts. 


The results with our technique on a@-amino-acids confirm the 
analyses made by previous investigators of isolated copper salts, 
which have without exception the general formula CuAs, where 
A represents one molecule of monobasic a-amino-acid. 

A few examples will suffice: 


Monobasic amino-acids. 


z ete 22s & é 
2 EOS a 2 = i 3 
eg 2 » | S28 aS EE 
bs ARE ge ge 
: = x ons 5 8 Sa 
SUBSTANCES & < go 8 EO se <5 
Lie. Boe | R8ke | £33 | Be 
s} & | Bas, | Fags | fos | an 
Ei] gg | $982 | Sfzs | ao | és 
2 z 0 o = & 
grams grams grams grams per cent 
Glycine................... @| 0.1015 0.0000 0.0536 0.0538 99.6 
pO NE ee EPC a 0.1019 0.0000 0.0453 0.0455 99.6 
Aminobutyric acid........ 6 | 0.1022 0.0004 0.0403 0.0395 102.0 
Active valine............. a 0.0944 0.0015 0.0301 0.0321 93.8 
Leucine....................¢ | 0.1010 | 0.0054 0.0361 0.0307 102.6 
Normal aminocaproic acid c 0.1003 0.0002 0.0315 0.0305 105.7 
ee aie eee or a’ 0.1014 0.0011 0.0307 0.0308 103.2 
Active proline............ a 0.1018 0.0078 0.0269 0.0352 98.6 
Phenylalanine........... . b> 0.1001 0.0000 0.0244 0.0242 100.8 
Phenylglycine............. ¢ | 0.1011 0.0000 0.0280 0.0266 105.3 
Tyrosine.................. 6} 0.1027 0.0007 0.0263 0.0226 116.4 
Tryptophane*............ b;} 0.1022 0.0000 0.0183 0.0199 92.0 
Asparagine................ 6 | 0.1005 0.0005 0.0308 0.0303 101.7 
Sarcosine hydrochloridet...a | 0.1002 0.0021 0.0299 0.0315 101.6 
Lysine picrate}........... a’ 0.1006 0.0006 0.0097 0.0107 96.3 
Arginine dinitrate......... a) 0.1010 0.0011 0.0121 0.0134 98.5 
Histidine dihydrochlor- 
Phd ae «eae ea ‘a, 0.1000 0.0161 0.0005 0.0175 94.9 





*If more than 0.1 gram tryptophane is used, method c must be added to this technique. 

tAll acid salts, such as hydrochlorides, nitrates, etc., are neutralized with N alkali, using 
phenolphthalein as an indicator, before treating with copper hydroxide as in method a. 

tOur thanks are due to Dr. Levene of the Rockefeller Institute for furnishing us with 
isoleucine, arginine and lysine. 

$Histidine forms a complex salt, as do the other monobasic amino-acids, and on treatment 
with excess alkali, changes its color but little. Only on boiling the color changes towards a 
biuret. It is not a clear color, but smoky, and makes the solution look very dark. Character- 
istic is the deep red color to which the alkaline solution turns on the addition of acid. We 
expect to make this a basis for the colorimetric qualitative and quantitative estimation of 
histidine. 
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With other amino-acids, whose NH: group is in the 8-position, 
Fischer found the formula to be CuAe, where A is monobasic amino- 
acid, except (as in the case of isoserine) when an oxy group is in the 
a-position, where the formula is CuA. 

We have obtained the same results with isoserine, using the 
technique a: 


| 
| 
| 


hes! §' Za em ; 
Foz | 3.5 a | we 
258 ao— 2 8 3 
. Z & a #2 
a a. & <on @ aw ae 
2 a4 e 69 && Ae oy 
5 <4.4 Eo & < 2 
> e8—> 528 Da 28 
SUBSTANCE e & Oo” B= Hoo a 
eo @ ad 236 x 
te a 2 Far, -) ozs Ce 
° o he “mF R BO< 5 te 
& zz z & o a. @ Os 
4 eo ~22z = zon 2a 
g C802 oats < obs <c 
a D< Ts DEG m § BOs & < 
2 ©) é) = = = 
grams grams grams grams grams per cent 
Isoserine........ 0.1010 0.0807 0.0765 105.5 


Isoserine........ 0.1009 0.0299 0.0499 0.0798 0.0764 104.5 





According to Fischer,“ when the amino group is in the y-, 6-, or 
e-position (regardless of an hydroxy group in the a@ position) no 
copper salts are formed. 

Our results confirm the previous figures on dibasic salts having 
a general formula CuA, whiere A is a dibasic acid, such as aspartic, 
glutaminic, cystinic, etc. 





| 


Dibasic amino-acids. 








H ats 1 48 | bs | ge 

Fi as" | et. | 8. ae 

S| 4 a 5.8 ao ee 

= | * B2% é 2 Be re] 

ia, 3 a Bos Sw | 38 

SUBSTANCE | a ES | ZS aba 1 

fix im Reo a a6 336 | of 

S| & | Ref | ®aee | g8s | 68 

a & | ae | » eB 5 @ 3 

‘H) 8 | 98S | ogee | $88 | 2s 

: | 3 Rak | Rene : z | 5< 
: grams grams | grams | grams | per cent 
Cystine...................¢€ | 0.1008 | 0.0000) 0.0331 0.0334 99.1 
Aspartic acid*............. ae 0.0997 0.0009 | 0.0579 | 0.0596 | 98.6 
Glutaminic acid*.......... a, 0.1025 | 0.0004 | 0.0518 0.0554 94.9 








“*Before boiling the solutions of copper salts are diluted to 150 cc. with water. 





14 Made according to Fischer’s directions from epichlorhydrin. Ber. d. 
deutsch. chem. Gesellsch., xxxv, p. 3787. 

18. Fischer and L. Zemplen: Ber. d. deutsch. chem. Gesellsch., xiii, p. 
4883, 1909. 
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Polypeptide copper salts. 


Out of a hundred or more polypeptides, Fischer, Abderhalden 
and their collaborators have analyzed only about eight of the poly- 
peptide copper salts; and these, with three exceptions (nos. VI, 
VII and VIII) were insoluble and crystallized out. In such cases 
there can be no doubt as to the purity of the product and the results 
are confirmed by our work on the more soluble copper peptides. 
These cases are as follows: 

I. (Leucyl-glycine-copper)sO + HO” or (CsH);0;NeCu)s 
O + H,0. 

Fischer concluded that one molecule of copper hydroxide com- 
bined with one molecule of leucyl-glycine and that two molecules 
of the copper-leucyl-glycine are connected by an oxygen atom. 
Although we have found one molecule of copper hydroxide to one 
of leucyl-glycine, we do not believe that an oxygen atom connects 
two molecules of copper-leucyl-glycine. We have determined the 
molecular weight of this salt by the cryroscopic method, and find 
it to have a molecular weight consistent with the formula leucy]l- 
glycine-Cu; 

II. (Phenyl-glycine-glycine),copper,!” CyoHioN203;Cu. 

III. (l-Leucyl-l-histidine) ,copper,!* Cj.H;s0;N,Cu. 

IV. (Alanyl-l-tryptophane),copper,"® C,,Hi;N;0;Cu. 

V. (l-Prolyl-i-phenylalanine),copper,”° 

CyuHigN2O0;Cu + 33H. ). 
VI. (d-Alanyl-l-leucyl-isoleucine).copper,”!_ (C,;H270,N3)2Cu. 
VIL. (Glycyl-d-alanyl-/-leucyl-isoleucine).copper,”” 
(peptide).Cu. 

VIII. (Tri-glycyl-glycine).copper,” (tetrapeptide).Cu. 

Out of the large number of peptide copper sglts examined by 
Fischer, Abderhalden and ourselves, the last three form an appar- 
ent exception to the rule. There are good reasons to believe that 

16 Fischer: Ann. d. Chem., cecxl, p. 145. 

17 Fischer: ibid., p. 195. 

18 Fischer and L. H. Cone: ibid., ecclxiii, p. 107. 

1* Abderhalden and M. Kempe: Ber. d. deutsch. chem. Gesellsch., x\, 
p. 2737. 

20 Fischer: ibid., xlii, p. 4752. 

*t Abderhalden and Hirsch: ibid., xliii, p. 2439. 

22 Ibid. 

*% Curtius: tbid., xxxvii, p. 1294. 
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SUBSTANCE Ps 

: 
grams 
Glycyl-glycine. ........0.1123 
Glycyl-alanine......... 0.1006 
Glycyl-d-alanine.......0.1011 

Glycyl-aminobutyric 

Wa sos eoeek sacl 0.1007 
Glycyl-valine..........0.1012 


tlyeyl-d-valine........0.1015 
Glycyl-leucine........ 
Glycyl-l-leucine 
Glycyl-amino - 7 -cap- 
WU ss ass ss ase 
Glycyl-asparagine 
Glycyl-phenylglycine. .0.1021 
Glycyl-d-phenylgl vcine 0.1022 
Glycyl-tyrosine........0.0545 
Glycyl-tryptophane....0.1016 
Alanyl-glycine....:.... 
l-Alanyl-glycine 
d-Alanyl-d-alanine 
Aminobuteryl-glycine..0.1010 
Valyl-glycine 
Leucyl-glycine.........0.0901 
Leucyl-leucine........ 
l-Leucyl-d-leucine. .... 0.1004 
d-Leucyl-/l-leucine 
d-Leucyl-d-leucine 
Amino-n-caproic-gly- | 


. 0.1005 


0.1006 


0.0963 


0.1028) 


0.1007 
0.1005 


0.1001 


jae 0.1005 


. 0.1006 


0.1011 


0.1007 


0.1004 


Di peptides. 
Bp 8 
ane BBs 
Bea | §Ce 
es = Ss 
Sea | BBC 
Ho & ane 
Ze Zz 64 
e8&o 4838 
B<C5  EeAza 
grams grams 
0.0536 0.0070 
0.0501 0.0049 
0.0524 0.0006 
0.0437 0.0030 
0.0400 0.0062 
0.0390 0.0059 
0.0380 0.0022 
0.0370 0.0036 
0.0377 0.0014 
0.0397 0.0031 
0.0355 | 0.0030 
0.0358 0.0010 
0.0142 0.0043 
0.0257 0.0010 
0.0516 0.0032 
0.0496 | 0.0054 
0.0465 0.0041 
0.0467 0.0045 
0.0410 0.0059 | 
0.0344 | 0.0041 | 
0.0288 0.0014, 
0.0266 0.0021 
0.0268 0.0003 
0.0294 | 0.0013 | 
0.0257 0.0015 | 
0.0010 | 


0.0205 | 
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TOTAL CuO 


grams 


0.0606 
0.0550 
0.0530 


0.0467 
0.0462 
0.0449 


.0.0402 


0.0406 


0.0391 
0.0428 
0.0385 
0.0368 
0.0185 
0.0267 
0.0548 
0.0550 
0.0506 
0.0512 
0.0469 
0.0385 
0.0302 
0.0287 
0.0271 
0.3007 


0.0272 
0.0215 


WEIGHT 


THEORETICAL 
CuO CALCULATED FOR 
THIS SAMPLE 


grams 


0.0616 
0.0548 
0.0550 


0.0500 
0.0462 


0.0464 | 


0.0425 
0.0425 


0.0407 
0.0433 
0.0390 
0.0391 
0.0181 


0.0310 | 


0.0548 


0.0547 | 
0.0497 | 
0.0502 | 


0.0459 
0.0381 
0.0328 


0.0327 
0.0330. 
0.0328 | 


0.0281 96. 
66.0 


0.0326 


the formulas given for VI, VII and VIII do not represent true 
copper salts, as the methods used in each case are no guarantee of 
the complete formation of the salts. 

Using the technique described above, we have formed the copper 
salts of the following peptides, and have found the results to be 
consistent with the formula, (peptide) ,,Cu. 


Tota. CuO AS PERCENT- 
AGE OF THEORETICAL 


per cent 
98 .4 


100.4 


93.4 
100.0 
96.8 
94.6 
95.5 


RERES 


i) 


86.1 
100.0 
100.5 
101.8 
102.0 
102.2 


| 101.0 


92.1 
87.8 
82.1 
93 .6 


96.8 
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SUBSTANCE 


| grams grams grams grams 


Glycyl-glycyl-glycine........ 
Glycyl-glycyl-alanine........ 
Glycyl-glycyl - aminobutyric 

Glycyl-glycyl-valine......... 
Glycyl-glycyl-leucine 
Glycyl-glycyl-l-leucine....... 
Glycyl-d-alanyl-d-alanine.... 
Glycyl-leucyl-glycine 
Alanyl-glycyl-glycine........ 
d-Alanyl-glycyl-glycine 
Alanyl-leucyl-glycine........ 
Amino-buteryl-glycyl-glycine 
Valyl-glycyl-glycine.......... 
Leucyl-glycyl-glycine........ 
l-Leucyl-glycyl-glycine....... 
l-Leucyl-glycyl-d-alanine .... 
Leucyl-alanyl-glycine........ 
Leucyl-alanyl-alanine........ 


D 


l-Leucyl-d-alanyl-d-alanine. ./0. 


Amino-n-caproyl-glycyl- 


NN ae oo 


Tri peptides. 


Ses gzea  o 
fos i< & => 
<= i) a: 

a> — - 

Pa 22° &°s =e 
p< 2 = = =e 
e Buz Bet x sé 
2 4..% if, & < 
- eo... “sc 2 5a 
e hed 22> aos 
fun = o> za ~ <«<-& 
a) mn @ jkawea ; vite 
Ok a eo} ~ =-ose 
. me. jz tmz © a. @ 
x eet i= Oa ; fo 
S o888c0825 = SBE 
a B<CbeZ%a 5 BOR 

z © ~ & - 


gnams 


.0387 


10140 02620 .0033.0 .02950 .0295 


10030 .0304:0 .00350 .0339'0 .0325 


FILTRATE AS 


IN 
PERCENTAGE OF THEO- 


RETICAL 


CuO 





TOTAL CuO AS PERCENT- 
AGE OF THEORETICAL 


percent percent 


. 10030 .03700 .00060 .037610 0422 87.7 
.10210.03560 .0064.0 .04200 0400 89.0 


.1011€ .03820 .00060 03880 .0371 103.0 
.05160 .01550 .0005 0.01600 0178 
.10100 02790 .0044.0 032310 .0328 
.10200 .02870.0024.0.0311 0.0331 
.05360 .0144,0 .0001 0.014510 .0192 
.10130 .0293 0 .0004 0 .0297'0 .0329 
.0987 0.02540 .00810. 
.0492:0 01680 .0014:0 .0182(0 .0193 
10120 02740 .00370.03110.0311 
.10110.03500 .0028 0.03780 .0371 
10230 02880 .0027 0.0315 0.0352 
10130 .028310.0057 0.03400 .0329 
10110 028410 00430 .03270 0328 
.0569)0 .0161 (0.00080 .01690 0175 
.1002)0.0289'0 .00400 .03290.0308 
10170 027210 .00500 03220 0296 


87.1 


BLEBASE 
aon > 


= 
Orono 


° 2) 
—_ 
1? 2) 


£ 


86.6 
93.8 
91.9 
88.8 


93.5 


89.1 
105.0 


104.6 
89.9 
98.5 
94.0 
75.5 
90.3 
73.6 
94.3 

100.0 

101.9 
89.5 

103.3 
99.7 
96.6 

106.8 

108.8 

100.0 


104.3 


* The majority of the peptides used in this study were prepared or 


collected by the late Dr. Arthur H. Koelker. 


A small number (four dipep- 


tides and three tripeptides) were made according to Fischer’s directions, 


by Dr. H. Hager and ourselves, in this laboratory. 


Glycyl-tryptophane 


was obtained in very pure crystalline form through the kindness of Kalle 
and Co. 
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Petropephdes. 
ejce| lela le, 
ase 8S ~a jae | 28 
2 lex [gre | ee ids | OBS 
= rite ho ™ a | €° eh 
SUBSTANCE i Pio Beg abs ES <5 
s eve \fa-o| @ |834/,£. Sy 
| g ieee lea O | G52] Fae OF 
AQ og #25) = ee in 
| : gacieizs : R- Bee 5: 
aoe Se aE Bay a aN 
; | grams | grams grams | grams | grams \per cent per cent 
Alanyl-diglycyl-glycine...... 0. 10080 .02670.0017 0.02840. 0308| 86.7 | 92.2 
Aminobuteryl-diglycyl-glyc- | | 
AER ACER CRIS CE 0.10500. 02600 .003 = 0305) 85.2 | 94.1 
Leucyl-diglycyl-glycine’. . bo. 10080. 02390. .02690.0265, 90.2 101.5 
n-Amino-caproyl-diglycyl- 
ee ane Gee eae CF f p 10170. 020200. 00050. 02070. 0268) 75.4 | 77.2 
i 








* Filtered without boiling to a carbamino salts. 


Using our same technique it was of interest to see the amount of 


copper hydroxide dissolved by peptones. 





Peptones, etc. 








| srt ' ze A . 
aa = < 
— ESS ngs e§ 
a Zz Ea & © 
2 | Bee ae? . 
i & Eo" a oz 
= | a ~ = ° i a ° 
SUBSTANCE £ | §8_ 8 ZO BE 
2 a a Rave ga 
| we” ,“me | Be 
aes -22e | §&40 
Fy e222 Caza 360 
5 .S) 16) 2 
: grams grams aii : ae 
‘“‘Roche’’ peptone...... 0.1110 0.0302 0.0173 186 
““Ereptone’”’........... 0.1005 0.0064 | 0.0183 406 
‘“Merck’”’ peptone...... 0.1020 0.0044 | 0.0002 1765 
‘‘Witte’s’’ peptone..... 0.1025 0.0041 | 0.0000 | 1990 
‘‘Witte’s’’ peptone.. 0.1046 0.0042 | 0.0000 1982 














"This calculation is based on the assumption that one molecule of peptone, as in the case of 


the peptides, combined with only one molecule of copper hydroxide. 


The results on the peptides show unmistakably that one molecule 
of peptide, whatever number of amino-acids it may contain, com- 
bines with only one molecule of copper hydroxide. This interest- 
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ing fact will no doubt give us an easy method of determining the 
molecular weights of peptides, provided the copper salts can be 
separated from the excess copper hydroxide. 

The questions that remain to be solved, namely, how are these | 
copper salts formed and what is their structure, will be taken up 
in a separate paper,” in conjunction with the biuret configuration. 


SUMMARY. 


1. We have developed a technique for making, quantitatively, 
copper salts of (a) soluble amino-acids and peptides; (b) insoluble 
amino-acids having soluble copper salts; (c) insoluble amino-acids . 
having insoluble copper salts. 

2. We have formed copper salts of twenty-six dipeptides, twenty 
tripeptides and four tetrapeptides, quantitatively, in solution, and 
have found the results to be consistent with the formula, (pep- 
tide),;Cu. This supports the work of Fischer and Abderhalden on 
five isolated salts. 

3. We have found: (a) That on an average 99 per cent of the 
copper of all amino-acid salts (except that of histidine) is precipi- 
tated as oxide when treated with a certain excess of alkali.” 

(6) That on an average 6.4 per cent of the copper of dipeptide 
salts is precipitated as oxide with the same excess of alkali. 

(c) That on an average 6.3 per cent of the copper of tripeptide?’ 
salts is precipitated as oxide with the same excess of alkali. 

(d) That on an average 7.3 per cent of the copper of tetra- 
peptide salts is precipitated as oxide with the same excess of alkali. 

Our thanks are due to Dr. Wm. G. Lyle for his encouragement 
in this work, and for placing at our disposal the excellent collection 
of peptides and amino-acids belonging tothe late Dr. A. H. Koelker, 
and to Miss Calm M. Hoke for much assistance in preparing this 
article for publication. 


2% Amer. Chem. Journ., Nov., 1912. 

% Using 3-5 cc. N COo-free NaOH for every 0.1 gram substance and 
boiling. 

27 Assuming all the substances to be perfectly pure, which of course they 
are not. It is probable that perfectly pure tri- and tetra-peptides will 
not precipitate any of the copper of their salts under the conditions given 
above. We are convinced that impurities will account for most of the 
precipitation. 
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EXPERIMENTAL NOTES. 
a. Copper oxide as a reagent. 


In our first work on copper salts we used black copper oxide obtained in 
the open market as a reagent, but found that with peptides it reacted too 
slowly. Then we tried the commercial basic carbonate, and found it more 
useful, but not quite satisfactory. Freshly prepared copper hydroxide, how- 
ever, was found not only efficient but almost instantaneous in its reaction at 
0°C. The amount of surface is, of course, a factor in the reaction, and 
therefore a gelatinous precipitate is, other things being equal, preferable 
to a coarse granular precipitate. 

As Fischer and Abderhalden used suspended copper oxide in’ making 
their salts, it was necessary to investigate the relative efficiency of this 
reagent on various amino-acids and peptides when boiled. 

The following table gives the results with freshly made copper hydroxide 
and freshly made copper oxide suspensions on boiling. The latter were made 
by allowing a suspension of the hydroxide to stand several days in the 
laboratory, during which time it changed its color from blue to almost black. 


“2 R ‘ 
<2 <Z = & 
: se. | gt : 2 
2 a2 & a z 
SUBSTANCE i 222 i 3 z 
Co + 6.6 < 2 
S ZF ort E Tes S 4 -] 
& a ae re) Z & n Ss 
: af cf ES <& 
5 Cae 8Ske | ofS Be 
4 © ©) = Oo 
grams grams grams grams per cent 
RS etka eas lew xs 0.1011 | 0.0564 0.0536 105.2 
Getae. ss eds. eves x] OS 0.0558 0.0539 103.5 
Alanine...................| 0.10384 | 0.0482 | 0.0462 104.3 
TN ere 0.0472 0.0456 103.5 
Alanyl-glycine............| 0.1013 | 0.0562 | 0.0551 103.0 
Alanyl-glycine............ 0.1001 0.0515 | 0.0547 94.5 
Leucyl-glycine............| 0.1023 0.0435 | 0.0433 =100.5 
Leucyl-glycine..........7. 0.1015 0.0435 0.0429 101.4 
Alanyl-leucyl-glycine..... 0.1004 0.0210 ' 0.0308 68 .2 
Alanyl-leucyl-glycine..... 0.1010 0.0137 | 0.0310 44.2 
Glycyl-leucyl-glycine..... 0.1011 0.0242 | 0.0328 73.8 
Glycyl-leucyl-glycine..... 0.1003 0.0150 | 0.0325 46.2 


Alanyl-di-glycyl-glycine. .| 0.1003 0.0195 | 0.0307 63 .2 
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These results show that boiling, while suitable for amino-acids and 
dipeptides, cannot be used with tri- and tetra-peptides, and will easily 
account for the abnormal results obtained by Abderhalden and Hirsch.® 


b. Bicarbonates as solvents for copper hydroxide. 


When cystine, tryptophane, leucine and other amino-acids, whose copper 
salts are insoluble, are treated as in method c (see p. 4), the copper salts 
are found almost wholly”® in the precipitate, mixed with the excess copper 
hydroxide. 

In order to show the effect of different concentrations of the bicarbonate 
on the solubility of copper hydroxide and the ‘“‘insoluble’’ copper salts, the 
following preliminary experiments were made. 

Pure copper salts of the amino-acids were made as described under c 
and a small portion (sufficient to leave a slight excess undissolved) was 
stirred constantly for five minutes in 25 cc. of 5 per cent, 10 per cent and 20 
per cent potassium bicarbonate; controls. were made on 25 ce. of distilled 
water.?° 


z 20 so | oe ze 
- aS nid az a 
SUBSTANCE > re > e > E > e 
= 324 58 52 52 
i #° Ze Sn | fe 
E6 ae 38 as | 38 
== _ Qs 2s | Ss 
O° 5” o- o o- 
grams grams grams grams grams 
Copper hydroxide...... .. 0.00000 0.0283 0.0580 0.05€5 0.1680 
Leucine, copper.......... 0.00020 0.0006 0.0008 0.0015 
n-Aminocaproic acid, cop- 
ads + accra k woah mks ; 0.00003 0.0007 0.0016 0.0014 0.0060 
Phenylglycine, copper.... 0.00003 0.0006 0.0012 0.00138 0.0056 
Tryptophane, copper..... 0.00020 0.0004 0.0004 0.0005 0.0007 
Cystine, copper........... 0.00000 0.0000 0.0000 0.0000 0.0001 
8 Loc. cit. 


29 When less than 0.1 gram of tryptophane is used, the copper salt 
remains in a supersaturated condition in the filtrate and later crystallizes 
out. 

30 Only one concentration of sodium bicarbonate was used; the potas- 
sium bicarbonate, on account of its greater solubility, is preferable. 

















A STUDY OF THE MECHANISM OF PHLORHIZIN 
DIABETES. 


By FRANK P. UNDERHILL. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University. 
New Haven, Connecticut.) 


(Received for publication, August 7, 1912.) 


The distinctive feature of phlorhizin diabetes in contrast with 
other types is the significant diminution in the blood sugar content. 
- The mechanism by which this condition of hypoglycaemia is estab- 
lished has been explained by a variety of theories, none of which, 
however, has received universal acceptance. Of the numerous 
views! that have been promulgated two have received considerable 
attention. It was the opinion of v. Mering® that the drug creates 
an increased permeability of the kidney for sugar, thus leading to 
the passage of blood sugar into the urine. To meet this drain 
upon the sugar of the blood an augmented activity of the blood 
sugar regulating mechanism is supposed to be set up whereby new 
sugar is formed in the body from some antecedent substance, pre- 
sumably protein. If this explanation is correct one might fairly 
assume that extirpation or ligation of the kidneys in phlorhizin 
diabetes by preventing a renal loss of sugar would result in a restor- 
ation of sugar to its normal percentage in the blood. Minkowski’s* 
experiments tend to support this position although, as Levene‘ 
pointed out, Minkowski obtained an increase of sugar in the blood 
beyond the normal after extirpation of the kidneys, which theoreti- 
cally should not result if phlorhizin merely has a specific influence 
upon the kidney and does not act upon some other mechanism. 


1 For a discussion of the problem, cf. Macleod: Recent Advances in Physi- 
ology and Bio-Chemistry, Edited by Leonard Hill, 1906. 

*v. Mering: Verhandl. d. 5te Congresses f. inn. Med., 1886, p. 185. 

’ Minkowski: Arch. f. erp. Path. u. Pharm., xxxi, p. 85, 1893. 

‘ Levene: Journ. of Physiol., xvii, p. 259, 1894-5. 
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A second view of the nature of phlorhizin diabetes, which was 
advocated by Pavy and others,’ differs from the first primarily 
in ascribing to the kidney the power of producing sugar. Under 
the influence of phlorhizin the cells of the renal tubules are supposed 
to exert a catabolizing action upon something reaching them from 
the blood, resulting in the liberation of dextrose in a manner com- 
parable to that by which lactose is set free by the cells of the mam- 
mary gland. 

That the conditions existing in pancreatic and phlorhizin dia- 
betes are similar in many respects is well recognized. Thus in 
the starving dog the D:N ratios obtained in the two experimental 
states are somewhat alike. Moreover, it is generally conceded 
that in phlorhizin diabetes as well as in the condition induced by 
removal of the pancreas the ability of the organism to utilize dex- 
trose may be somewhat diminished. The distinguishing difference 
between these two abnormal states is found in the lowered blood 
sugar content in phlorhizin diabetes and the existence of hyper- 
glycaemia in pancreatic diabetes. 

Although numerous investigations have been carried through 
concerning the relation of ligation or ablation of the kidneys to 
phlorhizin diabetes a review of the literature fails to reveal an 
experiment of this nature with animals in total diabetes, that is, 
with a D:N ratio of approximately 3.65. In the work of Minkow- 
ski comparison has been made of the blood sugar content of dogs 
both in phlorhizin and pancreatic diabetes after kidney removal. 
He found that in pancreatic diabetes hyperglycaemia was in evi- 
dence whereas the blood sugar content rose little, if at all, above 
the normal in phlorhizin diabetes. It appears to the writer, how- 
ever, that the conditions existing in the two experimental states 
were too dissimilar for strict comparison. In pancreatic diabetes 
a constant influence is at work for one may reasonably assume that 
extirpation of the pancreas either initiates a stimulus for, or removes 
an inhibition from, the sugar regulating mechanism. In phlor- 
hizin diabetes, on the other hand, to produce a similar constant 
response on the part of the body the animal organism must be 
continually supplied with the necessary quantity of the drug. 
Expressed in other words, previous experiments have been per- 


5 Pavy, Brodie and Siau: Journ. of Physiol., xxix, p. 467, 1903. 
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formed with animals in unlike states; in pancreatic diabetes, a 
constant stimulus has been present, while little or no attempt has 
been made to imitate comparable conditions in phlorhizin diabetes. 
The production and maintenance of a D:N ratio of 3.65 would 
appear to satisfy the condition of a constant stimulus. Ablation 
or ligation of the kidneys wnder these circumstances would perhaps 
constitute an experiment with conditions more strictly compara- 
ble with those obtaining in pancreatic diabetes than is true for 
many of the previous investigations. Hitherto, for the most part, 
little or no attention has been devoted to the question of phlorhizin 
dosage or to the period of time which phlorhizin might reasonably 
be expected to exert an influence upon the percentage of sugar in 
the blood. At present it is well recognized that the glycosuric 
influence of a single injection of phlorhizin persists, in dogs at least, 
for a few hours only. Yet there are records of experiments of the 
type under discussion demonstrating the possibility that sufficient 
time had elapsed since the last phlorhizin injection for restoration 
of blood sugar content by utilization of an excess in the blood, pro- 
vided a high percentage of sugar in the blood had been temporarily 
established. 

The object of the present investigation has been a study of the 
changes in blood sugar content of animals in phlorhizin diabetes 
after ligation of the kidneys or suppression of the renal secretory 
function. Two types of experiments were planned. In the one, 
dogs have been brought into a condition of total diabetes with 
phlorhizin. The kidneys were then ligatured twice, one ligature 
being placed around the ureters and the blood vessels, another 
designed to include any collateral vascular branches. The exper- 
iments were so planned that the operation was performed upon 
the kidneys shortly after the morning administration of phlorhizin, 
and a second injection of the drug was given as usual eight hours 
subsequent to the first. Blood was analyzed for total solids and 
dextrose content just previous to the operation and at intervals 
subsequent to ligature of the renal organs. 

In the other type of experiment the function of the kidney as an 
excretory organ was practically abolished in fasting phlorhizinized 
rabbits by the subcutaneous administration of sodium tartrate. 


6 Cf. Underhill: this Journal, xii, p. 115, 1912. 
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In this instance the blood supply to the kidneys was presumably 
uninterrupted whereas the escape of sugar from the blood was pre- 
vented by the changed character of the tubular epithelium. The 
establishment of such a condition has been found to occur after 
tartrate injections and has been recorded in a previous paper. 
Blood analyses were made only after removal of the kidney function; 
for experience relative to the blood sugar content of both normal 
fasting rabbits and phlorhizinized rabbits made unessential the 
preliminary determination of the blood sugar content. By omis- 
sion of the estimation of blood sugar content before abolition of 
the kidney function the well-known influence of the removal of a 
relatively large quantity of blood upon the percentage of sugar in 
the blood was obviated. 7 
The double ligation of the kidneys in dogs practically amounted 
to extirpation of these organs and hence was equivalent to the 
non-participation of the kidneys in the sequence of phenomena 
following the operation. In the case of rabbits, however, the 
circulation through the kidneys was presumably more or less intact 
although the secreting mechanism was abotished.’ Any influence 
exerted by phlorhizin upon the renal organs in the last mentioned 
instance, such as produc‘ion of sugar, would therefore be possible 
through the channel of the circulation. If the kidney is specifically 
responsible for fhe blood sugar phenomena exhibited in phlorhizin 
diabetes the results obtained from examination of the blood sugar 
content under the two conditions just outlined should theoretically 
at least be totally unlike. Ligation of the kidneys might be ex- 
pected under the experimental conditions to maintain the con- 
dition of hypoglycaemia or at most to allow blood sugar content 
to become normal. If the kidneys actually produce sugar from 
some antecedent in the blood, as suggested by Pavy, the blood 
sugar content might be assumed to increase even above the normal 
by reabsorption in the absence of free secretion, provided it is 
granted that in the nephritis induced sufficient normal renal cells 
are present to accomplish such a task. On the contrary, if the 
renal cells after tartrate injection are totally incapacitated from 
producing sugar under the influence of phlorhizin, that is, prac- 
tically every cell has lost its function—a condition which is most 


7 Underhill: loc. cit. 
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unlikely—then the blood sugar should behave in the manner in- 
dicated for ligation of the kidney, that is, the sugar in the blood 
should not increase above the normal. It has been found that 
in general with both types of experiments blood sugar content rose 
above the normal. 3 

For the establishment of ,hyperglycaemia under either of the 
two methods outlined, various explanations may be offered. In 
the first place it may be assumed that phlorhizin acts specifically 
upon the kidney rendering this organ more permeable for sugar, 
as suggested by v. Mering, and in its attempt to maintain blood 
sugar content normal the blood sugar regulating mechanism is 
thrown somewhat out of adjustment, the inhibition is removed or 
in a manner similar to antibody production there is a compensatory 
hyperfunction and, in the event of the removal of the kidney func- 
tion, sugar increases in the blood until hyperglycaemia obtains. 
In the case of rabbits, from the standpoint of Pavy’s suggestion, 
hyperglycaemia could be induced by production of sugar in the 
kidney and reabsorption into the blood. Finally, hyperglycaemia 
may be explained equally well on the assumption that phlorhizin 
has a two-fold action: (a) an influence upon the kidney, resulting 
in augmented permeability for blood sugar and (b) a specific activ- 
ity upon some other mechanism whereby the organism continually 
produces new sugar which it throws into the blood stream. The 
latter action might be, however, less pronounced than the former; 
hence, under ordinary conditions hypoglycaemia is found asso- 
ciated with phlorhizin diabetes. The evidence adduced below 
points in this direction. 

Meruops: Throughout this investigation the experimental 
animals were maintained in a state of inanition but water was 
freely given. With dogs total phlorhizin diabetes was established 
according to the procedure recommended by Lusk.* For the oper- 
ations, which were performed under aseptic conditions, anaesthesia 
was produced by ether only. After ligation of the kidneys no 
anaesthetic was necessary for withdrawal of blood samples from a 
femoral artery. Post-mortem examinations demonstrated in 
each case the complete ligation of the kidneys. No attempt was 
made in the experiments with rabbits to establish a fixed D:N 


§ Lusk: Amer. Journ. of Physiol., xxii, p. 162, 1908. 
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ratio, the animals receiving an injection of 0.25 gram phlorhizin 
subcutaneously once daily. Tartrate injections were also given 
subcutaneously. Blood sugar was estimated by the method com- 
monly employed in this laboratory.° Total solids of the blood 
were determined in the usual manner. Glycogen in the liver was 
estimated according to the procedure of Pfliiger.'° 


The influence of ligation of the kidneys upon the blood sugar content 
of dogs in phlorhizin diabetes. 


From the data presented in tables 1 and 2 several points of inter- 
est are indicated. In the first place it is apparent that the D:N 
ratio of 3.65 for fasting dogs established by Lusk was readily 
reached and that in this condition hypoglycaemia is in evidence. 


TABLE 1. 


Experiment 7, Dog X. Bitch of 9.5 kilos received three times daily subcu- 
taneous Frama of 2 yume -ssecmabeal 


URINE BLOOD 
gtoering ope REMARKS 
Total 
-— Volume eee —_ a a 
gen 
fi ce. grams grams | per cent| per cent 
December Urine was not collected un- 
til second day of phlorhi- 
| zin administration. 
19 600 | 9.45 36.60 D:N =3.76. 
20 620 10.20 36.52 D:N =3.58. 
21 | 17. ba 0.062 Blood drawn just before liga- 


tion of kidneys. 

12.00 m. Kidneys ligated 
four hours after first daily 
phlorhizin injection. 

3.00 p.m. 2 grams phlor- 

hizin as usual. 

15.30 0.172 6.00 p.m. Six hours after 
| ligation of kidneys. 
| 8.00 p.m. Animaldead. The 
| liver was glycogen free. 








® Underhill: this Journal, i, p. 113, 1905-06. 
10 Pfliiger: Arch. f. d. ges. Physiol., cxi, p. 307, 1906. 
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The most noteworthy result of the experiments, however, is shown 
by the change in the blood sugar content of the blood after ligation 
of the kidneys. It will be observed in both experiments that after 
ligation of the kidneys in dogs maintained in total phlorhizin diabetes 
the percentage of sugar in the blood rises above the normal, although 
the hyperglycaemia was much more marked in one case than in 
the other. Accompanying this hyperglycaemia is a significant 
diminution in the percentage of total solids of the blood or, viewed 
from the opposite standpoint, an increase in the water content. 


If this fact is taken into consideration one may reasonably assume 


that the blood sugar content in relation to the other solids was 
actually increased to an extent even greater than the percentage 
figures indicate. 


Comparison of these figures for blood sugar content with those 


‘for instance of Minkowski obtained in pancreatic diabetes after 


TABLE 2. 


Experiment 8, Dog Y. Bitch of 11.5 kilos received three times daily subcuta- 
neous injection of 2 grams phlorhizin. 





URINE | BLOOD 





—- —— ~| Fa REMARKS 
1911 Total | Dex- | Total _ Dex- 


Volume ‘en | trose Solids | trose 
gen } 


ce. grams grams | per cent per cent 


December | Urine was not collected un- 
til second day of phlor- 


_ hizin administration. 


19 560 | 10.53) 40.00 D:N =3.79. 
20 | 610 | 10.14 35.87 D:N =3.53. 
21 | | 22.45 0.087 Blood drawn just before 


/ 
| kidney ligation. 

“| | | (10.80 a.m. Kidneys ligated 

| | 2.5 hours after first daily 
phlorhizin injection. 
| 3.00 p.m. 2.0 grams phlor- 
| hizin as usual. 
21.70 0.276 9.00 p.m. 7.5 hours after 
ligation of kidneys. 
21. 70 0.306 11.00 p.m. 12.5 hours after 

| | ligation of kidneys. 
| | | ‘Animal bled todeath. The 
| | liver was glycogen-free. 
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kidney extirpation, reveals the interesting fact that in both instances 
the type of response to the given stimulus is similar; for in each 
case there is a hyperglycaemia. It must be admitted, however, 
that in pancreatic diabetes the degree of hyperglycaemia is much 
more marked than in the condition induced by phlorhizin. It is 
also of significance that in our experiments the liver failed to reveal 
a trace of glycogen in the one hundred grams of tissue employed 
for analysis. 

The results of these experiments justify the suggestion that in 
phlorhizin diabetes there may be two types of action. In the 
first place, there is exerted an influence upon the kidney whereby 
this organ becomes more permeable for blood sugar and secondly, 
there is evidence of the stimulation of another structure or mechan- 
ism that functions by producing sugar or perhaps by diminishing 
sugar destruction. 


The behavior of the blood sugar content in phlorhizinized rabbits after 
suppression of kidney secretion by means of sodium tartrate. 


In tables 3 to 8 inclusive may be found data concerning the 
percentage of sugar in the blood of phlorhizinized rabbits after 
suppression of kidney secretion by means of subcutaneous injec- 
tions of sodium tartrate. Inspection of these data will clearly 
demonstrate an increased blood sugar content in most of the experi- 
ments after exclusion of the kidney secretion even though these 
animals were not in a condition of total diabetes. It is apparent 
therefore that in the rabbit, at least, a condition of total diabetes 
is not essential for the production of hyperglycaemia after suppres- 
sion of the kidney function. 

The observations recorded here do not exclude the possibility 
of the production and reabsorption of sugar by the kidneys as 
outlined by Pavy. However, in view of the fact that the type of 
response iff this case coincides exactly with that observed for dogs 
where the kidneys were practically removed, it is probable that 
the mechanism in the two cases is similar for there is no obvious 
reason to assume that the character of reaction is different in the 
two species of animals. If our conception is correct, then it is 
obvious that sugar production and reabsorption by the kidney 
can play only an insignificant réle at most, since in the case of 
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TABLE 3. 


Experiment 1, Rabbit G. Female 


rabbit of 2400 grams received daily sub- 


cutaneous injection of 0.25 gram phlorhizin. 





| 


URINE 
DATE L onieeciepimaeecctonced 
191i | Total ey. 
Vol Ni 
se <~ wane 
ee cc. | grams grams 
November 
29 105 0.86 2.0 
30 60 1.04 1.49 
December | 
1 85 1.36 0.98 
2 32 0.072 0.072 
3 | 3 / 0.007trace 
+ 0» 


BLOOD 
REMARKS 
Total | Dex- 


Solids | trose 


per cent per cent 


Would not drink water. 
Would not drink water. 


Animal drank 80 cc. water. 

Subcutaneous injection of 1.0 
gram tartaric acid, neu- 
tralized with NazCo3, dis- 
solved in 20 cc. water. 
Drank 60 cc. water. 

Drank 30 cc. water. 

18.11 0.12 Blood drawn 5 hours after 
last phlorhizin injection. 
The liver was glycogen 
free. 


TABLE 4. 
Experiment 2, Rabbit H. Male rabbit of 2500 grams received daily subcu- 


taneous injections of 0.25 gram phlorhizin. 


URINE 
DATE | _ reg . 
191t oO ze 
Vol Nitro- | 
| oe 
November | 
29 100 | 0.56 | 2.30 
30 90 | 1.31 | 2.57 | 
December | 
1 110 | 1.26 | 1.73 | 
2 5 | 0.018 0.015, 
| | 
3 30 | 0.066 0.068, 
4 20 trace | 
| | 














BLOOD 
| f ; REMARKS 
Total | Dex- 


Solids | trose 
| 


i €. grams | grams “per cent per cent 


No water intake. 
| No water intake. 
we: intake = 100 cc. 

| Subcutaneous injection of 1.6 
| grams tartaric acid neu- 
| | tralized with NazCos, dis- 
| solved in 30 cc. water. 
|Water intake = 60 cc. 
16.61 0.18 | Blood drawn 5 hours after 
| last phlorhizin injection. 
| The liver contained 0.35 
| gram glycogen. 
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TABLE 5. 


Experiment 8, Rabbit I. Female rabbit of 2800 grams received daily subcu- 
taneous injection of 0.26 gram phlorhizin. 


























URINE BLOOD 
1011 | Total | Dex- | Total | D oe 
Volume) NitT0-| trose Solids | trose 
ce. | grams | grams per cent) per cent 
December | 

5 100 | 2.88 | 4.03 Water intake = 40 cc. 

6 200 | 1.73 | 3.45 Water intake = 125 cc. 

7 90 | 1.84 | 1.40 Water intake = 50 ce. 

8 10 | 0.075; 0.076 Subcutaneous injection of 2.0 
| grams tartaric acid, neu- : 
tralized with NazCo3, dis- 

solved in 30 cc. water. 

9 | oO 18.0 | 0.21 |Water intake = 150 ce. 

| | Blood drawn 2.5 hours 
| | after last phlorhizin in- 
| jection. The liver con- 
tained 0.41 gram glyco- 
gen. 











TABLE 6. 


Experiment 4, Rabbit J. Female rabbit of 2800 grams received daily subcu- 
taneous injection of 0.25 gram phlorhizin. 














URINE BLOOD 
‘011 [Total pax REMARKS — 
Volume, Nitro- _— wd a 
gen 
cc. | grams | grams per cent per cent ae GE, 
December | | 
5 250 | 1 45 | 2.54 | Water intake = 170 cc. 
6 175 | 2.70 | 4.46 Water intake = 80 cc. 
7 125 | 2.38 | 2.75 Water intake = 90 cc. 
8 10 | 0.075) 0.076 Subcutaneous injection of 2.0 


grams tartaric acid, neu- 
tralized with Na2Co3, dis- 
solved in 80 cc. water. 

9 0 18.70| 0.15 |Water intake = 240 cc. 
Blood drawn 2.5 hours 
| after last phlorhizin in- 
| jection. The liver con- 
tained 0.60 gram glyco- 
gen. 
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dogs the blood sugar content increased above the normal after 
practical extirpation of the kidneys. It is difficult to comprehend 
how extensive kidney secretory activity could be alleged in the 
rabbit experiments carried through in the manner described. It 
is evident therefore that under the experimental conditions here 
outlined little support can be derived in favor of the view advanced 
by Pavy. On the other hand, in view of the new facts furnished 
by the present investigation the conception of v. Mering with 
respect to the nature of the mechanism of phlorhizin diabetes has 
been supplemented and extended. 


TABLE 7. 


Experiment 5, Rabbit K. Female rabbit of 2600 grams received daily subcu- 
taneous injection phlorhizin. 




















| URINE } BLOOD 
yoonog Men ag “Total | gt | REMARKS 
gee ‘Volume; Nitro- — Pad —_ 
gen 
ce. grams | grams | per cent per cent 
December 
11 85 | 1.13 | 2.40 Water intake = 25 cc. In- 
| jected 0.25 gram phlor- 
| hizin. 
12 100 | 1.35 | 1.58 Water intake = 70 cc. In- 
jected 0.25 gm. phlorhi- 
| zin. 

13 10 | 0.015) 0.008 Subcutaneous injection of 2.0 

| grams tartaric acid, neu- 
| tralized with NazCo3, dis- 
e | solved in 16 cc. water. IN- 
JECTED 1.0 GRAM PHLOR- 
HIZIN. Water intake = 

195 cc. 

14 0 18 65} 0.20 | Blood drawn 3.5 hours after 
injection of 1.0 gram 
phlorhizin. The liver was 
glycogen free. 
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TABLE 8. 


Experiment 6, Rabbit L. Female rabbit of 2800 grams received daily subcu- 
taneous injection of phlorhizin. 


URINE BLOOD 
sg Total | PEE IiGis | REMARKS 
Volume — ane Solids | oe: | 
cc. grams grams per cent per cent 
December | 
11 120 1.71 3.30 | Water intake = 50 cc. 
12 120 2.21 2.01 Water intake = 50 cc. 
13 2 0 0 Subcutaneous injection of 3.0 
grams tartaric acid, neu- 
tralized with Na2Co3, dis- 
solved in 20 cc. water. IN- 
JECTED 1.0 GRAM PHLOR- 
HIZIN. Water intake = 
150 ce. 
14 0 16.70 0.25 Blood drawn 4 hours aft- 
er injection of 1.0 gram 
phlorhizin. The liver was 
glycogen free. 
SUMMARY. 


The mechanism of phlorhizin diabetes has been subjected to 
investigation after the removal of the renal secretory function by 
(a) ligation of the renal structures in the dog and (b) abolition 
of kidney secretion through subcutaneous administration of sodium 
tartrate to rabbits. 

In both conditions a significant hyperglyca&émia may be in evidence. 
With dogs this is accompanied by a decrease in the proportion of 
solids in the blood, that is, the water content is increased. 

The data presented lead to the suggestion that phlorhizin may 
possess a two-fold action (a) an influence is exerted upon the kidney 
whereby this organ becomes more permeable for blood sugar and 
(b) an action upon other structures resulting in the production 
of sugar in quantities sufficient to cause hyperglycaemia if the 
kidney function is removed. 
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I. INTRODUCTION. 


The discussion in the last paper of this series noted the fact 
that, whereas Magnus-Levy found an increase of 20 per cent in 
the metabolism of a dog during the hours following carbohydrate 
ingestion, Rubner’s work showed an increase of but’ 5.8 per cent 


F 1 The urinary analyses of Dog II were accomplished by Miss Mary 
e B. Wishart. 
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during a twenty-four-hour period following the ingestion of cane- 
sugar in such quantity as to furnish energy sufficient to provide 
for the daily necessities. 

Heilner? repeated Rubner’s experiments, using dextrose instead 
of cane-sugar and found an increase in the heat production equal 
to 4 per cent in twenty-four hours. The animal here employed 
was kept, as in Rubner’s experiments, at an environmental temper- 
ature of 33°. This work seemed to justify Rubner’s conclusion 
that carbohydrate is a material which may simply replace an 
isodynamic quantity of fat in metabolism, without materially 
altering the heat production. 

Zuntz* has criticised Heilner’s results on the ground that the 
respiratory quotient was not determined, and therefore the true 
conditions were not accurately portrayed. In Zuntz’s opinion 
the metabolism was really higher than Heilner calculated. 

The respiration calorimeter has been used in the following series 
of experiments to throw additional light upon this problem. 


II. EXPERIMENTAL PART. 


Experiments were made upon Dog I but still more extensive 
work was accomplished with Dog II. The dogs were both kept 
at an environmental temperature of between 26° and 27° when 
within the calorimeter. The urine was always free from sugar. 
Other details of the procedure are given in the last paper. 


A. Results of the ingestion of dextrose by Dog I. 


In the previous paper it was demonstrated that the minimal 
basal metabolism of Dog I during a morning hour the day after 
meat had been given at noon was 22.3 calories. 

Table I of the Appendix presents the metabolism of this dog 
during the second, third, fourth and fifth hours after the ingestion 
of 103 grams of dextrose which was taken with 400 cc. of water. 
Twenty-four hours before this, the dog had received 200 grams 
of rice. The calculated metabolism rose from a base level of 89 
calories for four hours to 115, a difference of 26 calories or 6.5 per 


* Heilner: Zeitschr. f. Biol., 1, p. 488. 
3 Zuntz: Naturwissenschaftliche Rundschau, xxi, No. 38, 1906. 
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hour. This represents an increase of 20 per cent. Since 103 grams 
of dextrose contain 396 calories and cause an increase in metabolism 
equal to 26 calories, it follows that 100 calories in dextrose would 
cause an increase of 6.6 calories. The non-protein respiratory 
quotients were 1.02, 0.99, 0.99 and 0.98 in the successive hours, 
indicating dominant carbohydrate oxidation. 

Of 114.56 calories produced by the animal as calculated from 
the products of excretion and the oxygen absorption 110.05 calories 
were measured by the calorimeter. The difference is to be attrib- 
uted to the greater proportional warming of the skin than of the 
rectal region, which, in the last paper, was shown to occur in this 
dog after the ingestion of 100 grams of dextrose. The urine of 
the period was free from sugar. 

This experiment demonstrated without doubt a large rise in the 
heat production following the ingestion of dextrose by a dog. The 
respiratory quotients indicate that this increased metabolism 
could not have been due to the process of converting dextrose into 
fat. 

This completes the record of work to be published with regard 
to Dog I. 


B. The basal metabolism of Dog II. 


A variety of problems were investigated upon Dog II. The 
animal was maintained in good condition and nearly constant 
weight from November 24, 1911 to May 3, 1912, upon a daily 
diet consisting of 100 grams of biscuit meal, 100 grams of chopped 
beef heart meat, 20 grams of fat and 10 grams of bone ash, con- 
taining together 5.25 grams of nitrogen and 700 calories. The diet 
was mixed with water and given to the animal at 6.00 p.m. The 
basal metabolism was determined on the day after the food inges- 
tion usually between the hours of 1.00 p.m. and 4.00 p.m. If the 
action of a substance were to be determined, it was fed to the dog 
at noon and the metabolism determined from 1.00 p.m. to 4.00 
p.m. or later. If 50 grams of sugar were given at this time, 50 
grams of biscuit meal were deducted from the evening ration. 

The basal metabolism was found to be the following on the var- 
ious dates mentioned. 
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DATE “ae 
December 2, 1911..... 3 
January 9, 1912........ 10 
January 22, 1912....... 13 
January 26, 1912....... 17 
January 30, 1912....... 18 
February 5, 1912....... 21 
April 22, 1912.......... 51 

Average......... 


The average heat production of this basal metabolism is 16.2 
calories. When any three-hour period is compared with this 
fundamental figure, the average of the three hours is always within 
0.7 of a calorie or 4 per cent of the above figure. 
comes between 15.5 and 16.9 calories may therefore be considered 
as within the limits of the normal basal value of this dog during 
sleep. The full details of these experiments are presented in the 


Appendix, Table IT. 


Calculated 


17.53 


15.45 


15.41 
14.99 
30.40 


15.73 


17.44 
15.32 


48.49 


16.65 
15.99 
17.96 


50.60 


15.45 
16.03 
18.33 
49.79 


CALORIES 


Found 
17.61 
14.54 


14.47 
17.18 
31.65 


15.89 
16.40 
15.42 
47.71 
14.22 
14.98 
16.99 
46.19 
15.11 
16.37 
17.35 
48 .83 
16.10 
15.51 


17 .26 
48 .87 


Average per 
hour 
(calculated) 





17.53 


15.45 


15.20 


16.16 


16.86 


16.56 


A value which 
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Assuming a minimal basal metabolism of 16.2 calories per hour 
the total would be 388.8 calories in twenty-four hours for a dog 
weighing 9.3 kgms. The area of the dog is 0.4956 square meters 


calculated from the formula, 11.2 V9.3". The minimal metabol- 
ism would therefore be 784 calories per square meter of surface, 
which may be contrasted with 759 calories similarly determined 
for Dog I. The difference is 3 per cent. 





C. The results of the ingestion of dextrose by Dog II. 


a. Twenty grams of dextrose. After giving 20 grams of dextrose 
in 150 cc. of water to Dog II at noon, no definite rise in metabolism 
could be made out in one experiment (No. 39) while in a second 
experiment (No. 42) the metabolism rose from the basal value of 
16.2 to 18.7 calories in the second hour after the ingestion of the 
solution. The metabolism returned in the third hour to the basal 
value. This rise of 2.5 calories is an increase of 15 per cent above 
the basal metabolism. Since 20 grams of dextrose containing 
75 calories causes a rise in heat production of 2.5 calories, it may 
be estimated that 100 calories would bring about an increase of 
3.3 calories. 

The essential points are here presented and the full details will 
be found in Table III of the Appendix. 


CALORIES 


arenmente wines on ig: 
Calculated Found 
39 1.00-2.00 p.m. 1.12 16.94 19.12 
2.00-3 .00 0.95 16.89 17.24 
3.00-4.00 0.88 15.75 16.55 
49 58 52.92 
42 1.00-2.00 p.m. 1.08 18.72 18.60 
2.00-3.00 0.97 15.43 16.09 


34.15 34.69 


It is difficult to explain the high non-protein respiratory quo- 
tients. It is apparent (Experiment 42) that a small quantity of 
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dextrose may affect the metabolism during the second hour after 
its ingestion and then the metabolism reverts to the basal value. 
It is also true that the ingestion of a small amount of dextrose may 
not increase the metabolism. It has been pointed out by Johann- 
son‘ that after giving a small quantity of dextrose (75 grams) to a 
fasting man, there is no change in the metabolism, on account of 
the retention of dextrose in the organism in the form of glycogen. 

b. Fifty grams of dextrose. The ingestion of 50 grams of dextrose 
dissolved in 150 cc. of water caused a rise in the metabolism from 
the basal level of 16.2 calories to 19.6 in the second hour, which 
level was very nearly maintained during the third and fourth 
hours, and then fell to the basal value in the fifth hour. 

From the results of four experiments given in detail in Table 
II of the Appendix, the following type may be taken in illustration. 


CALORIES 
EXPERIMENT enum ahaa te en Rae AE, PS ROR EOS + Fp 
Calculated Found 
1.00-2.00 p.m. 0.98 19.59 | 19.94 
2.00-3 .00 0.96 | 19.47 | 18.45 
3.00-4.00 1.03 18.23 | 19.26 
4.00-5.00 0.83 16.61 | 17.25 
73.90 74.86 


It is apparent, from the non-protein respiratory quotients of 98, 
96 and 103, that carbohydrate combustion dominated during the 
second to fourth hours. In the fifth hour the quotient fell. 

The rise from the basal value of 16.2 to 19.6 calories represented 
an increase of 3.4 calories or 20 per cent. The total increase in 
metabolism during the four hours was 9.1 calories. Since 50 
grams of dextrose contain 184.6 calories, it follows that, taken in 
Rubner’s sense, the ingestion of 100 calories of dextrose causes 
an increased metabolism amounting to 4.9 calories. 

c. Seventy-five grams of dextrose. Administration of 75 grams 
of dextrose in 200 cc. of water caused an initial rise in metabolism 
from 16.2 to 19.6 calories, the same as produced by 50 grams of 
dextrose. The increased metabolism was, however, continued 


4 Johannson: Skand. Arch. f. Physiol., xxi, p. 1, 1909. 
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at least through the fifth hour at a level of about 20 calories per 
hour. The total increase during the four hours was 16.35 calories. 
Since 75 grams of dextrose contain 277 calories, it may be calcu- 
lated that 100 calories of dextrose cause an increase in metabolism 
equal to 5.9 calories. 

The following table illustrates these facts, which are set forth 
in greater detail in the Appendix, Table II. 

















CALORIES 
a a | —. ——— 
* Calculated | Found 
40 | 1.002.00pm. | 105 | 19.60 | 20.85 
2.00-3 .00 |} 1.01 | 20.22 | 21.28 
3.00-4.00 | 0.98 | 21.09 | 20.38 
4.00-5.00 | 1.04 | 20.24 | 19.44 
| | 81.15 | 81.95 


The respiratory quotient is such as to indicate oxidation of 
dextrose throughout the four hours. Although the results here 
presented do not justify the assumption that the higher metabolism 
terminated with the fifth hour after dextrose ingestion, yet there 
is indirect evidence which will be offered in the next paper of this 
series that this isso. This evidence consists in the fact that after 
giving 50 grams of dextrose, alarge excretion of water by the kidney 
marks the fourth hour, the last hour of increased metabolism, 
whereas after giving 75 grams, the large excretion of water marks 
the fifth hour. 

d. The nitrogen elimination after dextrose ingestion. In the 
calculations made above, the nitrogen of the urine was collected 
for the whole period beginning with the catheterization which 
took place just before placing the animal in the calorimeter and end- 
ing with the catheterization after removal of the dog from the box 
at the end of the experiment, and this nitrogen was apportioned 
equally between the hourly periods. As a matter of fact, however, 
the nitrogen elimination is far from even after the administration 
of 50 grams of dextrose, as will be seen from the following analyses: 
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Urinary analyses after giving 50 grams of dextrose at noon. 





aaa sib. 
“— 'NHs-N “a. | DATE Tora N 


gram | gram gram | gram 


January 16-’12; 0.137 


DATE TIME 











January 12~"12 | 11.00-12.00 














12.00- 1.00) 0.138, 0.011) 0.101 0.124 
1.00- 2.00 0.166, 0.012) 0.133 0.154 
2.00- 3.00 0.180, 0.018) 0.156. 0.190 
3.00- 4.00 0.264 0.014) 0.225 0.181 
4.00- 5.00 0.181 0.011 0.163 0.107 





——--,--— eraenengianasingmatinnpi —— 


It was incidentally noticed that the volume of urine obtained 
between 3.00 and 4.00 o’clock was very large in quantity, as com- 
pared with all the other hours, and often reached 100 cc. This 
led to the work to be described in the next paper. This hour in 
question was also characterized by a large nitrogen excretion. The 
first hour showed a diminished excretion of nitrogen and a small 
excretion of water. Under these circumstances, it was concluded 
that the hourly excretion of nitrogen could not be a measure of 
the protein metabolism of the period but rather an indication of 
a greater or less secretion of urea through the kidney. It was, 
therefore, deemed nearest correct to evenly distribute through the 
different hours the total nitrogen elimination for the whole exper- 
imental period while the dog was in the calorimeter, in order to 
obtain a measure of the protein metabolism. 


D. Discussion of the results of dextrose ingestion. 


Some of the results of the work on metabolism after dextrose 
ingestion may be seen in the following table. 


| | | 











RISE IN 100 CALORIES 

| DEXTROSE | green on oa yore fg reamadis IN | wong 

| Presse METABOLISM | METABOLISM | METABOLISM 
grams per cent hours | calories | calories 
Dog I..... 103 20 5* 26.00 6.6 
Dog I... “ee a ee a ee 
Od ee Ge 910 | 49 


75 | 20 





*At least. See discussion p. 33. 
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Here appears a general confirmation of the work of good author- 
ities. The increase in metabolism of 20 per cent found by Magnus- 
Levy is verified, and a “specific dynamic” action of dextrose of 
4.9 after giving 50 grams of dextrose is in accord with Rubner’s 
experiments with cane-sugar. Rubner’s theory was that the 
extra heat produced by cane-sugar is derived from a cleavage of 
cane-sugar into levulose and dextrose. His idea calls for the ab- 
sorption of dextrose and its utilization in isodynamic replace- 
ment of fat in the metabolism. However, this does not occur. 
During the first four and five hours after the ingestion of 50, 75 and 
100 grams of dextrose, the heat production rises 20 per cent above 
the basal metabolism. This fact was lost to sight in experiments 
continued over a period of twenty-four hours. 

What then is the cause of the increased metabolism? Dextrose 
itself is soluble, ready for absorption and ready for oxidation by 
the cells. Johannson has already been quoted as having shown 
the absorption of 75 grams of dextrose by a fasting man who 
retained it as glycogen and no increase in metabolism followed. 
The same writer’ has given to a diabetic 50 grams of dextrose 
which was excreted unchanged in the urine and caused no change 
in the metabolism. The question of “Darmarbeit’’ may, there- 
fore, be excluded as a factor to be considered. 

Two causes might contribute to the increased metabolism. 

1. The sugar entering the blood stream might set up osmotic 
changes which would stimulate the cells to increased movement 
and, therefore, increase the metabolism. 

2. The larger quantity of dextrose brought by the blood might 
cause increased oxidation through the presence of an increased 
amount of a readily oxidizable food-stuff. 

To investigate the first problem it was decided to test the meta- 
bolism of the dog by giving: (1) 200 cc. of water; (2) 150 cc. of 
water containing 6.7 grams of sodium chloride; (3) 150 cc. of water 
containing 17 grams of urea. The solutions of salt (assuming 
complete electrolytic dissociation) and of urea were isotonic with 
50 grams of dextrose in 150 cc. of water. 

To test the second problem another food-stuff, olive oil in fine 
emulsion, was given to the dog. 


5 Johannson: loc. cit. 
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E. The ingestion of water. 


That water in moderate quantities has no effect on metabolism 
has already been set forth by Bidder and Schmidt,® by Rubner’ 
and by Heilner.* The following results were obtained after giving 
200 cc. of water at noon (Appendix, Table I) and also, for compar- 
ison, the results of the day following when no food was given at 
noon (Appendix, Table II). The dog was given the regular stand- 
ard diet at 6.00 p.m. as in all other experiments. 


Experiment 16—200 cc. of water, Experiment 17—No food, January 
January 25, ’12. 26, ’12. 
CALORIES CALORIES 
TIME \- TIME } 
|Caleulated Found Caleulated Found 
1.00-2.00 p.m. | 16.52 17.22 1.00-2.00 p.m. | 15.73 | 15.89 
2.00-3.00 | 16.52 17.69 2.00-3.00 + 17.44 | 16.40 
3.00-4.00 | 16.46 17.34 3.00-4.00 | 15.82 | 15.42 
49.50 | 52.25 | 47.71 | 48.49 


It is evident that the ingestion of that quantity of water in which 
the dextrose given in the experiments was dissolved, can have no 
influence on the metabolism. 


F. The ingestion of urea in solution. 


In Experiment 14, 17 grams of urea in 150 cc. of water were given 
the dog at noon and the animal was placed in the calorimeter. 
At 12.45 this was largely vomited. The experiment was continued 
for two hours, although the measurement by the calorimeter during 
the first hour is not to be relied upon, on account of the mass of 
water on the floor of the box. 

In Experiment 19, 12 grams of urea were given, which was prop- 
erly retained by the animal. The results of these experiments 
are presented below (full details, Appendix, Table IT). 


* Bidder and Schmidt: Verdauungssdfte und Stoffwechsel, 1852, p. 340. 
7 Rubner: Gesetze des Energieverbrauchs, 1902, p. 62. 
* Heilner: Zeitschr. f. Biol., xlix, p. 373, 1907. 
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Experiment 14—17 grams (?) urea, Experiment 19—12 grams 
150 cc. water, at noon. urea, 150 cc. water, at noon. 
CALORIES CALORIES 
TIME a 
Calculated Found Calculated Found 
1.00-2.00 p.m. 15.85 20.42 (?) 
2 .00-3 .00 | 17.76 18.76 16.35 15.94 
3.00- 4.00 | 16.68 16.07 


33.61 33.03 32.01 


In Experiment 14, during the period before the dog was put 
into the calorimeter, the nitrogen eliminated amounted to 0.154 
gram hourly, whereas, after administration of the urea solution, 
it rose to 0,424 gram per hour, indicating a considerable absorption 
of urea. In the successful Experiment 19, the hourly excretion 
of nitrogen rose from 0.133 gram before the ingestion of urea to 
0.602 gram after, which corresponds to the elimination of an extra 
gram of urea per hour. As the results show, the elimination of 
urea after its administration in solution is without any influence 
upon metabolism. 'The normal of 16.2 calories per hour was closely 
approximated. ; 

Zuntz® has sought to attribute part of the “specific dynamic’”’ 
action of protein to the increased kidney activity accompanying 
the elimination of urea, but the above experiment shows this to 
be without foundation. 

The calculation of the protein metabolism in Experiment 14 and 
Experiment 19 was on the assumption that it was maintained at 
the same height as on near-by days when no food was given during 
the same interval of the day. 


G. The ingestion of sodium chloride in solution. 


One experiment was made to determine the influence of the 
ingestion of 6.7 grams of sodium chloride in 150 cc. of water, a 
solution which is isotonic with 50 grams of dextrose in 150 ce. of 
water. This was given at noon on two successive days, the meta- 
bolism being obtained on the second day with the following results 
(details, Appendix, Table IT). 


* Zuntz: Zentralbl. f. Physiol., xxiii, p. 960, 1909. 
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Experiment 15—6.7 grams NaCl in 150 cc. of water. 


CALORIES 
TIME 


Calculated Found 


1.00-2.00 p.m. 15.09 18.00 
2.00- 3.00 16.64 17.37 
3.00-4 .00 16.19 16.54 


47.92 | 51.91 


These figures contradict the statement of Zuntz!® regarding 
the behavior of sodium chloride on metabolism. The results in 
no way differ from the average basal metabolism of 16.2 calories 
per hour. Hence, the ingestion of 150 cc. of a solution containing 
4.2 per cent sodium chloride is without influence upon the metabolism. 

The urinary excretion of sodium chloride during the.experimen- 
tal period between 12.00 noon and 4.08 p.m. amounted to 0.805 
gram per hour and from 4.08 to 10 a.m. the next day to 0.439 gram 
per hour. The quantity of urine was 140 cc. during the experimen- 
tal period of four hours, indicating marked diuresis. 


H. The ingestion of fat. 


Since dextrose solutions caused an increased metabolism and 
solutions such as 8 per cent urea and 4.2 per cent sodium chloride 
and water itself had no effect, it seemed desirable to test the 
influence of another food-stuff, fat, which is quickly absorbed, 
enters the blood current and supplies the cells with nutriment. 

Fifty grams of olive oil were mixed with 10 cc. of a 1.2 per cent 
sodium carbonate solution and shaken till a fine emulsion formed, 
and this was given to the dog at noon. 

The results may be thus summarized (details, Appendix, TableII). 





Experiment 23—50 grams olive oil, Experiment 24—60 grams, 
__at noon. olive oil, at noon. 


CALORIES CALORIES 


Caleulated* | Found Calculated | Found 
peed ERLE PRS ER } ——_——|- - 
1.00-2.00 p.m. 18.71 17.69 | 19.77 
2.00-3.00 18.05 19.71 | 19.73 


i aca i 36.76 37.40 | 39.50 


*Oxygen lost, but the COz per hour was 6.05 and 5.91 against 5.81 in experiment 24, on day follow- 
ing, during which hour the calculated metabolism was 17.69, the R. Q. being 0.79. Given these 
latter conditions, the calculated metabolism of experiment 23 would have been 18 calories and over 
in the two hours recorded. 


TIME 








10 Zuntz: Zentralbl. f. Physiol., xxiii, p. 960, 1909. 
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These experiments illustrate an increased metabolism above 
the basal level of 16.2 calories per hour, due to the inflow of fat. 
If one again recalls Benedict’s experiments showing the negative 
effect of cathartics and of agar-agar upon the metabolism, one 
cannot attribute this increase to ‘‘ Darmarbeit.’’ The emulsified fat 
flows partly through the portal vein, but in large quantity enters 
directly into the circulation through the thoracic duct, at once 
affording a means of enrichment of the fat content of the general 
circulation. Under these circumstances of ample nutrition, the 
metabolism increases (in the sense of Voit). 

The general results obtained from the experiments mentioned 
in this paper are shown in the accompanying chart. 
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CuHarRT 1 ILLUSTRATING THE EFFECT OF THE INGESTION OF DEXTROSE 
AND FAT AND OF WATER, UREA AND SALT SOLUTIONS ON THE METABOLISM. 


Solid lines—metabolism in calories as calculated. Broken lines—metab- 
olism in calories as found. 
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III. SUMMARY. 


It is impossible to discuss the present work without anticipatory 
reference to the results of Miss Fisher and Miss Wishart, which 
are to be presented in the paper which follows this. These 
authors have found that after giving 50 grams of dextrose to a 
dog, the blood sugar rises in percentage within one hour and then 
falls to normal during the succeeding hours; that there is a large 
retention of water by the organism during the period of high meta- 
bolism, which water is suddenly eliminated during the last hour of 
the hizh metabolism (the fourth after dextrose ingestion); that 
during this same hour, the absorption of dextrose is completed; and 
that, during the period of high metabolism and water retention, the 
percentage of hemoglobin falls in the blood, rising again after the 
water elimination. 

In general, the following picture may be drawn. It was noted 
in Dog I, that, after giving 100 grams of dextrose, the skin temper- 
ature rose during the second hour, while the rectal temperature 
fell slightly (second paper). When 50 grams of dextrose are given 
(Dog II) the sugar content of the blood in per cent is first increased, 
but by the end of the second hour and thereafter, it is found to have 
returned to its normal percentage value. The volume of the blood, 
however, increases during the second hour, obviously in response 
to the osmotic pressure exerted by the increased sugar concentra- 
tion. The increase in blood volume is demonstrated by the fall in 
the hemoglobin content of the blood. During this period, the 
metabolism shows an increase of 20 per cent above the normal 
basal value. During the fourth hour there is final absorption of all 
the dextrose ingested, the metabolism remains high and there is a 
large excretion of water in the urine. At the end of the same 
fourth hour, the blood sugar content is normal, indicating that, dur- 
ing the withdrawal of water and the concentration of the blood, the 
liver and muscles maintain the normal sugar content of the blood. 
During the second, third and fourth hours, the high metabolism is 
accompanied by respiratory quotients of about 1.00 (after allowing 
for the influence of protein metabolism). However, during the 
fifth hour, when the metabolism has returned to its basal value, a 
non-protein respiratory quotient of 0.83 indicates that a mixture 
of fat and carbohydrate is being oxidized. The glycogenic function 
apparently enters into control and reduces the amount of carbo- 
hydrate available for combustion, and fat is oxidized as well. 
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It is interesting to recall in this connection that H4ri' found 
that the respiratory quotient was increased in a fasting animal 
after giving adrenalin. Adrenalin causes a discharge of sugar from 
the glycogen repositories of the organism,” the percentage of blood 
sugar rises largely and, in virtue of this, carbohydrate tends to 
replace fat in the oxidative processes. 

If 20 grams of dextrose be given, a rise of 15 per cent may take 
place during the second hour after sugar ingestion, to be followed 
by a normal basal metabolism in subsequent hours. 

If 75 grams of dextrose be given, a 20 per cent increase in meta- 
bolism continues from the second through the fifth hour, during 
which hour the volume of urine becomes large, indicating that 
this is the final hour of the higher metabolism. 

It is shown that ingestion of 200 cc. of water, of 150 ec. of a 4.2 
per cent solution of sodium chloride or of 150 cc. of an 8 per cent 
solution of urea have no influence upon metabolism. It is, there- 
fore, concluded that the high metabolism after giving dextrose 
is not due to osmotic changes between the blood and the tissues. 
The only remaining conclusion which appears possible is that the 
increase in metabolism is due to the presence of a greater amount of 
free diffusible carbohydrate than is present when there is no absorption 
of carbohydrate from the intestines. It is known that the sugar of 
the blood behaves as if it existed in chemical combination (Loewi; 
Lépine). If this combining power over sugar remains constant, 
then when the blood is diluted, with comcident maintenance of the 
normal percentage content of dextrose, there would be an increased 
supply of free readily oxidizable sugar molecules available for the 
nutrition of the cells. Hence, carbohydrate alone is oxidized, and 
the metabolism rises in virtue of an increased supply of nutriment. 

An emulsion of olive oil ingested by the dog caused an increase 
in metabolism, probably for similar reasons. 

These experiments confirm the work of Zuntz and of Rubner in 
many particulars, but they bring to light new points which show 
that the theories of both Zuntz and Rubner will have to be revised. 

The views here expressed, however, conform to the “‘older’’ 
view of Carl Voit, who believed that the presence of abundant 
food increased the power of the cells to metabolize. 


Hari: Biochem. Zeitschr., xxxviii, p. 23, 1912. 
12 Ringer: Journ. of Exp. Med., xii, p. 105, 1910. 
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DATE 








DATE 


December 2, 
January 9, 


January 22, 


January 26, 


January 30, 


February 5, 


11 
"12 
"12 





12, 


12 


"12 


April 22, 712... 








10.00-11.00 a.m. | 34 
11 .00—12.00 | 
12.00-1.00 p.m. | 
1.00-2.00 
TIME — | 
9 .57-10.57 a.m. | 3 
10.00-11.00 a.m. | 10 
1.00-2.00 p.m. 13 
| 2 .00-3 .00 
1.00-2.00 p.m. 17 
| 2.00-3.00 
| 3.00-4.00 
1.00-2.00 p.m. 18 
| 2.00-3.00 
| 3.00-4.00 | 
| | 
1.00-2.00 p.m. 21 5.3 
2.00-3 .00 | 
3.00-4.00 
12.00-1 .00 p.m. 51 
1.00-2.00 





| 2.00-3.00 | 


| 10.68; 


} 


CO2 Oz 


grams 
7.94 
8.15 
11.30) 8.59 


grams 


10.85 





11.23) 8.64 | 


Oz 


@arcuemmpame 
grams | grams 


5.61 | 5.21 
5.40 | 4.72 


5.56 | 4.55 
5.26 | 4.47 


R. Q. 








4.75 | 4.83 
(5.26 | 5.35 
| Sam | 4.67 | 


| 5.14 | 5.12 
(5.14 | 4.78 


! 


5.53 | | 5.52 | 


5. 824.60 
5.11 | 4.88 | 


5.61 | 5.61 


| 5.03 | 4.38 


4.98 4.60 
5.23 | 5.12 | 


| R. Q. 


0.99 | 9.27 
0.95 9.06 
0.96 | 9.28 
0.95 | 9.31 


0 | 


— 
| 
| 


0.76 
0.83 


0.89 
0.86 


0.72 


0.73 


| 9.75 


0.73 | 
0.78 


0.73 | 


0.84 
0.76 


(0.73 


Metabolism of Dextrose and Fat 
TIME | re | 
| NO. | 


| URINE | 
a 


H:0 | 





grams 
0.213 
0.213 
0.213 
0.213 


grams 








E 
URINE | 
N 





grams | grams | 


9.87 (0.133 
9.41 0.1331 


8.66 0.124 
8.25 0.124 


7.31 |0.095 
7.50 (0.095 
7.23 0.095 
| 8.60 (0.130 
7.97 (0.130 
8.03 0.130 


6.51 0.094 





6.27 0.094 
| 

| 6.54 0.094 
10.29 0.132 


'8.99 0.132 
8.18 (0.132 





In experiments 3 and 10 standard diet was given att noon, ‘in the others at 6 Dp. m. 1. daily. 





TABLE I. 


NON-PROTEIN 





O: | R.Q. 


| 1.02 
0.99 
0.99 
0.98 





TABLE II. 


grams 


4.03 
4.14 


4.40 
4.11 


3.89 
4.40 
3.96 


3.92 
3.92 


4.33 


4.44 
4.22 


4.73 


3.80 
3.75 
4.00 


NON-PROTEIN 


| Cr | 


O: R. Q. 


grams | 


4.09 | 0.72 


3.50 | 0.86 


3.50 | 0.92 
3.42 | 0.87 


} 


4.03 | 0.70 
4.55 0.70 


3.87 0.74 





4.02 | 0.71 
3.78 | 0.75 


4.42 0.71 


3.80 0.85 
4.08 | 0.75 


4.81 0.72 


3.26 0.85 
3.48 0.78 
4.00 | 0.73 


| 
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APPE BNDIX. | 
DOG I. { 
CALORIES BODY TEMPERATURE | . 
egrunta: % tah " ov -| MORNING iain 
| otal | | ‘ 
Protein, Protin ‘ted | ‘Found Start End Difference | eee 
| 
| Kélagrame | 
5.64 | 21.70 or aa 26.04 37.82 | 38.15 +40. 33| 16.3 103 grams dextrose + 400 | 
5.64 | 22.42 28.06] 26.42 3879 +0.04 | ice. water at 9.15 a.m. 
5.64 | 24.03) 29.67) 26.22 38.08  —0.11 | 
5.64 | 23.85 29.49 31.37 38.45  +0.37 | | 
| 114.56110.05 | | 
— EE a ——— -_—- ~ —_ _ — Or ——$———$ ————— ——— i] 
—— 
CALORIES BODY TEMPERATURE | 
| MORN- 
Total | | ING BEHAVIOR OF DOG REMARKS 
Protein Ai Calcu-| ictal, | Start | End | ier waranr 
Pee, BOS" | | sa CARER Oh Uap % | 
4.07 13.46 17.53 17.61 | 37.89 37.85—0.04 9.3 (Very quiet. No food { 
3.51 11.94 15.45) 14.54 38.44 38.44 8.9 |Quiet. \No food 
3.29 | 12.12) 15.41) 14.47 38 . 66 38.45 —0.21| 8.7 Very quiet. No food 
3.29 11.70 14.99) 17.18 | 38.48 +0.03) Active 7 minutes. 
30.40 31.65 O: low. 
2.52 | 13.21 15.73) 15.89 | 38.36 38.26-—0.10' 8.8 Very quiet. No food. 
2.52 14.92' 17.44 16.40 | 38.27+0.01 Slight niovennate, 
2.52 12.80, 15.32 15.42 | 38.22 —0.05 Moving 1 minute. 
48.49) 47.71 
3.45 | 13.20 16.65, 14.22 | 38.43 38.32-0.11/ 8.8 Quiet. " food. 
3.45 | 12.54) 15.99) 14.98 38.28 —0.04 Occasional move- | : 
| ment. | 
3.45 14.51) 17.96, 16.99 | 38.43 +0.15 Active 1 minute. | 
50.60, 46.19 | 
2.50 12.93 15.43 15.11 | 38.40 38.31—0.09| 9.0 Very quiet. No food. 
2.50 13.53 16.03 16.37 | 38 .44+0.13 Occasional move- | 
| ments. 
2.50 | 15. 83 18.33 17.35 | 38 .62,+-0.18 Active 2 minutes. | 
(49.79 48.83 | | 
3.58 | 11.09 14.67 16.10 | 37. 59 37.58|-0.01 9.4 Very quiet. | 
3.58 | 11.64 15.22 15.51 | _37.51|—0.07 Very quiet. | 
3.58 | 13.20 16.78 17.26 | | 37.64/+0.13 Quiet. 
46.67 48.87 | | 
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DATE 


March 26, °12.. 


March 30, ’12.. 


January 3, 12. 10.20-11.20 a.m. 


January 12, ’12 


January 18, 712 


February 2, ‘12 


March 27, ’12.. 


January 25, 712 


+ Average 3.95. 


TIME 


1.00-2.00 p.m. 


2.00-3.00 
3.00-4.00 


1.00-2.00 p.m. 
2 .00-3 .00 


1.00-2.00 p.m. 
2 .00-3 .00 
3.004 .00 


- 4.00-5.00 


1.00-2.00 p.m. 
2.00-3 .00 


w 


.00—4 .00 p.m. 
00-5 .00 


_— 


1.00-2.00 p.m. 
2.00-3.00 


1.00-2.00 p.m. 
2.00-3 .00 


3.00- 4.00 
4.00-5.00 


1.00- 2.00 p.m. 
2.00-3 .00 
3.00-4.00 


+t Average .74. 





Metabolism 


EXP. 
NO. 


39 


42 


11 


12 


40 


16 


COz 





grams | 


| 
| 6.98 


| 
| 6.22 | 
5.49 


.46 
74 


ost 


27 
69 


oo on or 


27 


.o9 


7.65 


~I 


ost 
~I— 
= © 


41 
.25 


co ie | 


~I 


83 
.82 


~J 


8.01 
8.07 


ol 
13 
3l 


Or Or Or 


63 | 


Or 


grams 


4.87 


4.97 
4.72 


54 


or 


5.27 
4.99 


5.71 
5.70 


|—6B. 66 


5.79 


6.14 


4.60 
0.51 
5.01 


R. Q. 


1.04 


0.91 


0.84 


0.98 
0.89 


0.86 


0.97 


0.90 
0.92 


0.91 


0.97 | 
0.98 | 


0.98 | 


0.83 


0.94 
0.93 


1.01 
0.99 


0.95 
1.00 


0.84 
0.68 
0.77 


of Dextrose and Fat 


H:20 


| grams 


URINE 
N 


grams 


7.11 0.150 | 


| 7.33 10.150 | 


7.04 0.150 | 


9.08 0.200 
8.63 0.200 


9.08, 
10.76) 
10.89) 
12.51 
10.30 


Co fw 
ee | 
BP an 


wo © 
> bv 
nm 0 


8.41 
8.49 


oa 


19 
91 


~J 


8.39, 
7.99 


.63 
. 66 


“Ju J 


0. 
0. 
0. 
0. 
0. 


0. 
—0. 


0. 
Q. 


0.11 
0.115 


0.1 


0. 
130) 
.130 


161 
136 
136 
136 
136 


143 
143, 


_ 
eo 
OO 


150 


150) ; 


130 


TABLE II. 









NON-PROTEIN 


CO: 


| grams 


5.58 


4.82 | 
4.09 


5.59 
3.87 


3.78 
6.42 
7.04 
8.36 
4.99 


6.23 


6.31 


6.94 


Q 


4.11 
3.92 
4.il 


Or 


“R.Q. 


j 


grams | 


3.60 | 


3.70 
3.45 


we) 


75 
2.89 


10 


m Co 


61 


> or 


4.49 
4.48 


4.69 


*3 50 
*4 41 


62 


1.12 


0.857 
—-0.65F 
0.76 





(Continued) 


CALORIES 
Total 
Non- 
Calcu- 
Protein lated 


Protein 
3.98 | 12.96 16.94 


12.91 16.89 
11.77| 15.75 


Total 


Found 


*19.12 


17.24 
16.56 





49.58 


13.42 18.72 
10.13 15.43 

| 34.15 
10.66) 14.95 
16.32) 19.94 
19.39 23.01 
22.41, 26.03 
13.47, 17.09 


52.92 


18.60 
16.09 
34.69 
14.13 
19.86 
21.78 


24 .06 
17.12 





101.02 


15.86 19.66 
15.83| 19.63 
“39.29 


14.72 18.23 
13.10 16.61 
34.84 
15.61) 19.59 
15.49, 19.47 
39.06 
19.60 


16.69 
17.31) 20.22 


18.18 
17.33 


21.09 
20.24 


681.15 


13.07 
13.07 
13.01 


3.45 
3.45 
3.45 


16.52 
16.52 
16.46 


49 50 





106 .95 


18.69 
18.83 


37.52 | 


19.26 
17.25 
36.51 


19.90 
18.45 
38.35 


20.85 
21.28 


20.38 
19.44 


81.95 


17 .22 
17.69 
17.34 


52.25 


*Heat eliminated = 17.01. 
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| BODY TEMPERATURE 





| Start 
| 


 38.2240.28 93 
| | | 


38.16 
| 38.04 


38.32 
38.20 


38.01 
38.72 
38.92 
38.85 
38.62 


38.81 
39.05 


38 .69 
38 .59 


38.88 


38.84) 


38 .24 
38 .42 


38 .25 
38 .33 


38.64 
38.61 
38 .69 


‘ce 


| oe 3 
End | Differ- wEiGaT| 


| ence | 


MORN- | 


IN BEHAVIOR OF DOG 


—0.06 
~0.12 


+0:12 
0.12 


—0.02 
+0.03 | 
+0.20 
—0.07 
—0.23' 


+0.22 
+0.24 


+0.08 
—0.10 


+0.29) 
—0.04 


+0.27 
+0.18 


—0.17' 
+0.08 


~0.09 
~0.03 
40.08 





ko. | 
\Very quiet. 


Quiet. 
‘Quiet. 


Very quiet. 
Very quiet. 


Quiet. 
Active 2 minutes. 
Active 10 minutes. 
Active 23 minutes. 
Quiet. 


Quiet. 
Quiet. 





| 
j 
| 


|Very quiet. 
‘Moving 2 minutes. 


Very quiet. 
‘Very quiet. 


Very quiet. 
Restless 3 min- 
jutes. 

Very quiet. 
Quiet. 


Very quiet. | 
Active 1 minute. 
Quiet. 





REMARKS 


20 grams dextrose 


iin 150 ec. water at 
noon. 


20 grams dextrose 
in 150 cc. water at 
noon. 





50 grams  dex- 
trose in 150 cc. 
| of water at noon. 


grams dex- 


| 75 
trose in 200 cc. 
of water. 


| 
| 
! 
| 
| 


| 200 ec. of water. 
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DATE 


January 23, 


February 1, 


January 24, 


February 7, 


February 8, 


[See text. 
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TABLE II. 
| | NON-PROTEIN 
TIME BxPe | CO: | O: | R.Q.| BsO | URINE! salen SehK) es 
| | CO: | O: | R.Q. 
| . oome | grams | grams | grams | grams oun Y igri 
12) 1.00-2.00p.m. | 14 | 5.86 | 4.65 | 0.92  19.48'$0.124) 4.69 3.60 | 0.95 
2.00-3.00 5.80 | 5.39 0.78 19.21) 0.124) 4.62 | 4.34 | 0.77 
| 
| | 
'12| 2.00-3.00 p.m. | 19 | 5.06 5.03 0.73  8.15|{0.130, 3.85 3.93 | 0.71 
3.00-4.00 5.07 5.23 0.70 7.64) 0.130 3.85 4.13 | 0.68 
| 
| | | 
'12/ 1.00-2.00p.m. | 15 | 6.00 4.29 | 1.02 8.86 | 0.219) 3.96 2.44 | 1.18 
2.00- 3.00 | | 5.92 5.00 0.86 | 8.94 | 0.219 3.85 3.15 | 0.89 
| 3.00- 4.00 5.45 4.94 0.80 8.13 | 0.219 3.41 3.09 | 0.80 
| | | | 
12) 1.00- 2.00 p.m. | 23 | 6.05 lost 7.49 | 0.139 | 
| 2.00- 3.00 5.91 lost 7.69 | 0.139 
| | | 
12) 1.00- 2.00p.m. | 24.| 5.81 5.36 0.79 7.17 | 0.129 4.58 4.27 | 0.78 
| 2.00- 3.00 6.61 6.03 | 0.80 | 7.43 | 0.129 5.39 | 4.94 | 0.79 
| | | 








Graham Lusk 
(Continued) 


CALORIES | BODY TEMPERATURE 
eee MORN- 
ING BEHAVIOR OF DOG 
| Differ- WEIGHT 
| End ence 





kg. 
12. 56 15.85 | $90.42 38 .63) 38. 41-0. 22; 8.7 Very quiet. i 17 grams urea 








14. a 17. 76 18.75 | 38. 16|— 0.25 ‘Active 5 minutes.) } in 150 cc. water 


| 33. 61 39.17 (vomited). 


| 


} } 
2. 90 16.35, 15.94 | 39.02 38.71/—0. 8.6 Very quiet. || 12 grams urea in 
3. ” 16.68, 16.07 , 38.55/—0. Very quiet. J 150 ce. water. 
| 33.03 32.01 | 


9.28 15.09) 18.00 | 38.78 38.70—0.08 8.7 |Quiet. 6.7 ams. NaClin 
| 10.83) 16.64 17.37 38 .64 Active 2 sides ee bow 
10.38 16.19, 16.54 38.62/—0. Quiet. | ms 


47.92) 51.91 











18.71 .59 38.80/+0.21 Very quiet. 150 grams olive oil. 
+0.04 Very quiet. 





| 
| 
| 


38.48 38.76 +0.28 Quiet. 
| 39.04 +0.28 Quiet. 
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ANIMAL CALORIMETRY. 


FOURTH PAPER. 


OBSERVATIONS ON THE ABSORPTION OF DEXTROSE AND THE 
EFFECT IT HAS UPON THE COMPOSITION OF THE BLOOD. 


By GERTRUDE FISHER ann MARY B. WISHART. 
(From the Physiological Laboratory, Cornell Medical College, New York City.) 


(Received for publication, August 12, 1912.) 


In the experiments described in the last paper, two results were 
noted. in the first plate, the temperature of the skin rose to a 
greater degree after giving dextrose than did the rectal tempera- 
ture, and in the second place, the period of high metabolism was 
terminated by an hour in which a large quantity of water was 
eliminated in the urine. The first observation pointed to a change 
in the distribution of the blood, whereas the second indicated that 
the volume of the blood had been increased during the period of 
the higher metabolism, only to diminish again through the sudden 
excretion of water at the end of the period. This paper presents 
results designed to follow these facts to a definite interpretation. 

An old observation of Bischoff and Voit! noted that a dog which 
had been fed with bread for forty-one days, during which time 
the urinary nitrogen indicated a loss of 3.7 kgms. of “‘flesh,’’ in 
reality lost only 0.5 kgm. in weight, and when 1800 grams of meat 
were given to the animal, water was eliminated in larger quantity 
in the urine than was taken in the food. Although the fact of an 
increased quantity of water held by the tissues when an animal 
is maintained on a carbohydrate diet, has been repeatedly con- 
firmed, there has been no analysis of this condition extending 
over a short period of time. 


1 Bischoff and Voit: Die Gesetze der Erndhrung des Fleischfressers, 
1860, p. 211. 
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50 Dextrose Absorption and Blood Composition 


Experiments which describe the effect of dextrose ingestion upon 
the content of blood sugar have been accomplished on man. Re- 
cent determinations by E. Frank? give values of 0.07 to 0.09 
per cent of dextrose in normal human blood. Liefmann and Stern? 
state that 0.105 per cent represents the maximum amount of dex- 
trose normally present. However, these authors note that in two 
patients with croupous pneumonia, the dextrose content of the 
blood was 0.108 and 0.136 per cent, which, however, rose one hour 
after the ingestion of 200 grams of dextrose to 0.17 and 0.281 per 
cent respectively. Gilbert and Baudouin‘ have given 150 grams 
of dextrose in 400 cc. of water to six normal young men. They 
report that the blood sugar rose after one hour and amounted to 
0.107, 0.108, 0.125, 0.130, 0.132 and 0.134 per cent in the six indi- 
viduals. After two hours the blood sugar content was only slightly 
above the normal, and in the third and fourth hours it was once 
more entirely normal. 

In addition to these experiments, the procedure in which is 
entirely comparable to that employed by the present writers, 
other experiments have been performed in which dextrose solutions 
were injected directly into the venous system and the results noted. 
Thus Brasol,° in the laboratory of Carl Ludwig, found that two 
minutes after intravenous injection of dextrose solutions, much 
of the injected dextrose was already removed from the blood, the 
percentage of hemoglobin fell, indicating a dilution due to osmotic 
processes, but in two hours the normal percentage of sugar had 
been reached. Repeating these experiments, Nadporozsky® found 
that, following intravenous injection of dextrose solutions, the 
hemoglobin at first fell but after forty-five minutes exhibited 
normal relations. Starling’ injected 40 grams of dextrose in 40 
ec. of water into the jugular vein of a dog. Within five minutes 
the hemoglobin in the blood fell from 100 to 60 per cent but after 
half an hour returned to normal. Accompanying the hydremic 


*E. Frank: Zeitschr. f. physiol. Chem., \xx, p. 139, 1911. 

3 Liefmann and Stern: Biochem. Zeitschr., i, p. 301, 1906. 

4 Gilbert and: Baudouin: Compt. rend. soc. biol., |xv, p. 710, 1908. 

5 Brasol: Arch. f. Physiol., 1884, p. 211. 

6 Nadporozsky: Ruskaja Medicina, 1887, No. 26: Abstract in Maly’s 
Jahresbericht fiir Tierchemie, 1887. 

7 Starling: Journ. of Physiol., xxiv, p. 317, 1899; see also The Fluids 
of the Body, 1909. 
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plethora, due to the withdrawal of water from the tissues in con- 
sequence of osmotic differences, there was a rise in blood pressure, 
an increase in kidney volume and an increase in the elimination 
of urine. Starling*® believes that the consequences of the hydremic 
plethora are increased circulation through the kidney and in- 
creased output of urine, the dilution of the blood favoring glomer- 
ular filtration. The urine contained dextrose and Starling also 
suggests that dextrose itself leads to a stimulus of the kidney ves- 
sels or possibly the kidney cells, because the diuresis outlasts the 
hydremic plethora. During this latter period, the quantity of 
hemoglobin rises above the normal on account of the continued 
diuresis. 

Biedl and Kraus® have administered intravenously, 20 and 30 
grams of dextrose in 10 per cent solutions to human beings, 
have noted a rapid disappearance of excess of sugar in the blood, 
and have found that no considerable amount of sugar was elimi- 
nated in the urine. These experiments all point to the efficiency 
of the glycogenic function of the body which tends to maintain 
the dextrose content of the blood a fixed level. 


EXPERIMENTAL PART. 


In paper three was described how a dog (Dog II), weighing 
about 9 kgms., was maintained on a standard diet and how eight- 
een hours after food ingestion, dextrose was administered (usually 
in 150 cc. of water) and the metabolism then determined in hourly 
periods. The following experiments were designed to nearly 
reproduce these conditions with a view to ascertaining certain 
details during the different hours of dextrose absorption. The 
facts investigated were (a) the amount of dextrose in the gastro- 
intestinal tract, (b) the dextrose content of the blood, (c) the glyco- 
gen content of the liver, (d) the quantity of urine secreted and (e) 
the hemoglobin content of the blood. The first three factors were 
determined upon ten different dogs (shown in Table I) while the 
last two factors were observed upon the same dog (shown in Table 
II). 

Reference to Table I reveals a series of experiments upon ten 
dogs which were given a standard diet one or more days. In all 


8 Starling: The Fluids of the Body, 1909, p. 153. 
* Biedl and Kraus: Wiener klin. Wochenschr., ix. p. 55, 1896. 
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the cases blood was withdrawn under cocaine anésthesia, a method 
which was employed because most anesthetics lead to an output 
of dextrose in the urine. The cocaine was first used in a7 per cent 
solution, which proved too strong and led to the death of the animal 
in convulsions. With a 1 per cent solution of cocaine there was 
no difficulty throughout the entire series of experiments, except in 
the case of asmall nervous dog (IV). in the other instances, after 
the subcutaneous administration of cocaine immediately over 
the carotid artery, a canula could be inserted in the vessel and two 
samples of blood of about 50 cc. each could be drawn from the 
perfectly quiet animal without any sign of pain or irritation. The 
dog was then killed by a sudden blow on the head, the liver quickly 
removed and the stomach and intestinal contents were covered 
with 95 per cent alcohol. 

The blood sugar was determined by the method of Weymouth 
Reid? as used by Vosburgh and Richards." Glycogen in the liver 
was determined according to Pfliiger’® and all sugar determinations 
according to the method of Allihn. The Fleischl-Miescher method 
was employed in the hemoglobin tests. 


a. The quantity of dextrose in the gastro-intestinal tract. 


In five cases, when the animal was killed twenty-four hours 
after administration of the standard diet, the gastro-intestinal 
tract was found to be free from dextrose. When 50 grams of 
dextrose were given about twenty-four hours after the standard 
diet, a rapid though variable absorption of dextrose was recorded. 
The results may thus be summarized. 


Rate of absorption after giving 50 grams of dextrose. 


DEXTROSE 
TIME AFTER FOOD a ’ : — 
In stomach | In intestine 
cat - rama ques 
RLS EIT EET Ne Nr I gear 5.6 2.9 
ee ee ye 11.1 1.7 
, Rs a a Map ca ty ee a 16.6 1.0 
I ck ei eas oulel ois ede vs 7.4 0.0 


tN EE aL aE te ene er ae 0.0 0.0 


19 Reid: Journ. of Physiol., xx, p. 316, 1896. 
11 Vosburgh and Richards: Amer. Journ. of Physiol., ix, p. 35, 1903. 
12 Pfliiger: Das Glycogen, 2te Aufl., 1905, p. 67. 
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54 Dextrose Absorption and Blood Composition 


These figures indicate that the absorption of 50 grams of dex- 
trose in dogs weighing between 8 and 9 kgms. is rapid and is com- 
pleted during the fourth hour after the administration of the sugar. 


b. The dextrose content of the blood. 


It has been repeatedly verified that convulsions increase the 
quantity of blood sugar through depletion of the glycogen reserves 
of the body. This is apparent in values of 0.19 and 0.14 per cent 
of dextrose contained in the blood taken during cocaine convul- 
sions. In two cases, however, when the blood was obtained from 
a quiet dog twenty-four hours after food ingestion, duplicate analy- 
ses showed in one dog 0.10 and in another 0.11 per cent of glu- 
cose, which are entirely normal values. 

After giving 50 grams of dextrose in 150 cc..of water to dogs 
which had received the standard diet twenty-four hours before, 
the following results were obtained. 


Time after 50 grams Blood sugar in 

dextrose. per cent. 
SA eee ee ee ee ee Gs. Hae Re 0.16 

oie a a ee aS lee eh ete eka te UR, ie ee 0.13 
St eS PR Perea Cee bv wees sh eee es eed 0.10 
EES ee ee en ee ge oy mE ed 0.11 
RS CES ees Cees ee Ce ke I 0.11 
I ire 0 ie Ct aa ats tre lien aad gas baits 0.11 


*Not included in Table I. 


These results confirm those of Gilbert and Baudouin on man, in 
showing that the blood sugar rises during the first hour and then 
falls, remaining normal thereafter. 


c. The glycogen content of the liver. 


The glycogen content of the liver is known to be very variable 
in different dogs twenty-four hours after food ingestion, so that 
glycogen determinations often show little that is significant. In 
this series, in the two ‘‘normal”’ cases, there were 7.47 grams (2.97 
per cent) and 7.70 grams (2.7 per cent) of glycogen in the liver. 
Much less was found in the dogs which were killed during convul- 
sions, being 3.26, 5.81 and 2.28 grams (2.00, 1.48 and 1.31 per cent). 

The following table shows the quantity of glycogen found in 
the liver at different hours after giving 50 grams of dextrose, and 








Gertrude Fisher and Mary B. Wishart 55 


this is compared with the quantity of dextrose absorbed from the 
intestine as actually determined. 


The influence of ingesting 50 grams of dextrose on the glycogen content of the 
liver. 


DEXTROSE INGESTED 


TIME AFTER 50 GRAMS LIVER GLYCOGEN 


OF DEXTROSE Present in body 
Absorbed but unoxidized 
(caleulated) 

grams grams grams per cent 
ra 41.5 37.1 12.75 3.33 
- SS np One 37.2 28 .4 7.95 3.30 
i... ee 32.4 23 .6 11.90 3.85 
Three hours........... 42.6 29.0 6.21 2.56 
32.4 | 21.28 7.24 


Four hours............ 50.0 


The respiration experiments in the last paper showed that about 
16 calories of carbohydrate were oxidized per hour during the 
second and third and fourth hours in a dog similar in size to those 
here employed. This is the equivalent of 4.4 grams of dextrose 
per hour. This must be considered a minimal value as it was 
obtained in a dog in complete repose. Adopting this value for 
all the different periods described above, it is possible to estimate 
the maximal quantity of the absorbed dextrose which could have 
been present and unoxidized in the organism at the end of any 
given experiment. 

One point stands out clearly and that is that during the period 
of high metabolism dextrose is not retained in the liver in any 
considerable quantity. The larger part of the absorbed dextrose 
passes to other tissues. Only at the end of four hours and after 
complete absorption of all the dextrose from the organism, does 
glycogen appear in large quantity in the liver. This fourth hour 
is the last hour of the high metabolism. While it is realized that 
it is dangerous to draw too sweeping conclusions from a single 
experiment, still it seems very probable that the end of the fourth 
hour is marked by a reduction of the flood tide of carbohydrate 
material to the tissues, the excess being deposited in the liver. 
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d. The quantity of urine secreted. 


In paper three of this series, it was noticed that after giving 50 
grams of dextrose in solution to a dog, there was a large secretion 
of urine during the fourth hour, which terminated the period of 
high metabolism. In the present series of experiments, a dog 
was used weighing between 7 and 8 kgms. The animal was first 
starved for two days, then on a third day of fasting received 150 
ec. of water and on the evening of that day and thereafter received 
the standard diet. On various occasions at noon, he received 
20 grams and 50 grams of dextrose dissolved in 150 cc. of water 
and 75 grams of dextrose in 200 cc. of water. These experiments 
were designed to reproduce the conditions described in paper three. 

The urine was obtained by means of a sterile catheter. At noon 
the bladder was washed, at first with warm water and then with 
a solution of boraciec acid. Then, during the experimental period, 
the bladder was emptied at the end of each hour, without washing 
it. When the last portion of urine was removed, the bladder was 
washed with boracie acid solution to prevent infection. The 
results are summarized in the following table and are graphically 
presented in the accompanying chart. 


Influence of dextrose solutions upon the hourly secretion of urine. 


| STANDARD DIET 18 HOURS BEFORE FOOD 
FAST- ; ee ae : ee 








| FAST- | ING 
TIME | ING 3 DAYS 150 ec. water and | 200 ce. 
Spare) isec.; | "bon and 
| ware) 50 50 50 | 
| sees | heseme | Seems | Sgame | ceticoee 
12.00-1.00 | 7.0) 28.0) 11.5 45; 70) 40/| 65 
1.00-2.00 | 2.0/27.0 23.0 60 | 7.5 | 4.0 | 6.0 
2.00-3.00 | 45/280) 130] 85 | 120] 125 | 7.0 
3.00-4.00 | 2.5 | 17.5) 22.0 | 100.0 | 885 | 18.5 
4.00-5.00 | 28.5 | 66.5 | 19.0 | 89.0 
5.00-6.00 22.0 | 10.0 
6.00-7 .00 | 16.0 | 
BYE: Oo 
Total....... 18.0 100.5 41.0 | 231.0 | 138.0 | 127.0 
| 




















It is apparent from these figures that, if water be given alone, 
it is quickly eliminated. If the same quantity of water be given 
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CHART ILLUSTRATING THE INFLUENCE OF INGESTED DEXTROSE SOLUTIONS 
UPON THE HOURLY VOLUME OF THE URINE. 


Straight lines = hourly urinary secretion during (a) fasting; (b) after 
150 cc. water; (c) 50 grams dextrose in 150 cc. water; (d) 50 grams dextrose 
in 150 cc. Dotted line (e) = 50 grams dextrose in 150 cc. water. Dash 
and dot line (f) = 75 grams dextrose in 200 cc. Star line (g) = 20 grams 
dextrose in 150 ce. 
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with 20 grams of dextrose, there is at first some hindrance to its 
elimination. If 50 grams of dextrose be added to 150 cc. of water, 
the result of its ingestion is to reduce the quantity of urine elimi- 
nated during the first two hours to practically the fasting mini- 
mum; during the third hour there is a slight increase and during 
the fourth hour the elimination of urine rises to large volume, 
declines in the fifth hour and becomes greatly reduced in the sixth 
and seventh hours. A similar picture is presented when 75 grams 
of dextrose are given in 200 cc. of water, only the minimal excre- 
tion lasts three hours instead of two, there is a slight increase dur- 
ing the fourth hour and the large increase in volume takes place 
in the fifth hour. In Dog II in the previous paper, after giving 
50 grams of dextrose, the fourth hour marked the end of the high 
metabolism and it is here found to be the hour of large urinary 
excretion. In the same dog, after giving 75 grams of dextrose, 
the high metabolism continued during the fifth hour, which cor- 
responds to the hour of the largely increased output of urine in 
the present experiment. 

The nitrogen elimination is shown in Table II. These results, 
however, are not as reliable as those given for Dog II in the last 
paper because the bladder was not washed at the end of each 
period, and strictly comparable results could not, therefore, be 
achieved. In general, however, a confirmation of the former 
results has been obtained; there is a small output of nitrogen 
during the period of diminished urine secretion and a larger output 
during the period of diuresis. 


e. The hemoglobin content of the blood. 


Making use of the same dog, blood for hemoglobin tests was 
obtained every hour immediately after catheterization. The 
blood was obtained by cutting a small ear vessel, usually an artery, 
and taking a sample of the freely flowing blood. The incision 
was reopened every hour with little difficulty and the ear was 
washed with an antiseptic solution after taking the blood. The 
determinations were made by the Fleischl-Miescher method, 
using accurate pipette dilutions. A count of the red blood cells 
was made as a check with regard to the reliability of the hemoglo- 
bin determinations. It was repeatedly found that twenty-four 
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TABLE II. 

The effect of ingested dextrose solutions upon the quantity of urine eliminated 

and upon the dilution of the blood as indicated by the per cent of hemoglobin 
in it. 


URINE PER NITROGEN PER |HEMOGLOBIN AT ; 











pins ro HOUR HOUR END OF HOUR 
p.m. ce. gram per cent 
12.00-1.00 7.0 104 
Starved 48 hours | aaa no ve | 
| 3.00-4.00 2.5 102 ) 
( 12.00-1.00 28.0 103 | 
: | 1.00-2.00 27.0 101 ; 
150 cc. HO at 12.00 1 ip aati e's me | 
i | 3.00-4.00 17.5 103 ) 
( 12.00-1.00 11.5 99 ; 
20 grams dextrose, | 1.00-2.00 23.0 100 
150 ec. H20 at 12.00 } 2.00-3.00 13.0 95 ) 
| 3.00-4.00 Lost 95 
4.00-5.00 28.5 96 . 
( 12.00-1.00 8.0 92 
50 grams dextrose, 1 .00-2.00 6.5 83 
150 cc. H2O at 12.00 { 2.00-3.00 4.5 81 
| 3.00-4.00 9.0 97 . 
. 4.00-5.00 Lost 
( 12.00-1.00 4.5 0.0730 102 
50 grams dextrose, | 1.00-2.00 6.0 0.1039 95 
150 ce. HO at 12.00 { 2.00-3.00 8.5 0.2162(?) 
| 3.00-4.00 22.0 0 0969 90 
| 4.00-5.00 100 
( 12.00-1.00 7.0 0.1418 108 
| 1.00-2.00 7.5 0.1769 99 
50 grams dextrose, | 2.00-3.00 12.0 0.1601 98 
150 cc. H.O at 12.00 ¢ 3.00-4.00 100.0 0.1797 98 
4.00-5.00 66.5 0.1516 102 
5.00-6.00 22.0 0.1336 107 
| 6.00-7.00 16.0 0.1095 106 
Sp thitede-atebedi 12.00-1.00 4.0 0.0679 109 
150 ce. HO at 12.00 Ri pane pes — = | 
niki 2 .00-3 .00 12 5 0.1683 R85 
3.00-4.00 88.5 0.1572 90 | 
4.00-5.00 | 19.0 0.1292 105 
| 5.00-6.00 | . 10.0 0.1404 110 
-12.00 | 102 
ey aan 12.00 -1.00 | 6.5 0.0927 100 
200 ce. H.0 at 12.00 {1-00 -2-00 | 6.0 0.0997 100 
2.00 -3.00 | 7.0 0.1404 101 
3.00 -4.00 18.5 0.1263 95 


4.00 -5.00 | 0.1544 90 
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hours after food, the dog showed 100 per cent of hemoglobin in 
the blood or slightly over 100. The method was sufficiently relia- 
ble to demonstrate that in fasting and after giving 150 cc. of water, 
the hemoglobin remained constant in quantity; that, after giving 
20 grams of glucose in 150 cc. of water, there was a slight fall in 
the amount of hemoglobin; and that giving 50 grams of dextrose in 
150 ce. caused little or no effect during the first hour but during 
the second hour it may frequently bring about a fall of 10 to 20 
per cent in the percentage of hemoglobin present in the blood. A 
rise to its former value takes place only after the elimination of 
water from the blood by the kidney. These experiments show 
that after giving dextrose in solution per os, a hydremic plethora 
may be established in the presence of a greatly diminished secre- 
tion of urine, being a direct contradiction of the theories of Starling 
already discussed, according to which the excretion of urine is 
greatly favored by a condition of hydremic plethora. 


DISCUSSION AND SUMMARY. 


After the ingestion of 50 grams of dextrose in 150 cc. of water, 
there is a rapid absorption of dextrose during the first hour, the 
sugar in the blood rises above its normal content and the hemoglo- 
bin content is not profoundly changed (the absorption of water is 
probably slight owing to the osmotic power of the dextrose solution 
in the stomach). At the end of the second hour, between two- 
thirds and three-quarters of the sugar ingested has been absorbed, 
relatively little has been retained by the liver as glycogen, the 
sugar percentage has become normal and the blood usually more 
dilute as shown by a fall in the percentage amount of hemoglobin. 
The dilution has taken place as a result of the increased osmotic 
power of the blood due to the increase in sugar content found at 
the end of the first hour and the metabolism is 20 per cent higher 
than before and is at the expense of dextrose, this being due to the 
generous distribution of freely dissolved and uncombined dextrose 
molecules to the tissues (see last paper). This condition lasts 
through the third hour. During the fourth hour the absorption 
of dextrose is completed, the urinary secretion, the volume of which 
has been almost at the fasting level, suddenly increases very largely, 
the hydremic plethora of the blood tends to diminish and this 
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hour is the last hour of the increased metabolism. In one instance, 
at the end of the fourth hour, a large quantity of glycogen was 
found in the liver (a condition not found at the end of the previous 
hours) which suggests that the liver may have been active in the 
removal of the increased quantity of freely diffusible dextrose 
previously within the blood tissues. With the return of the blood 
to its normal volume, the percentage content of dextrose is not 
altered through the concentration of the blood. The fifth hour, 
marked by the return of the metabolism to its basal value, and 
which may be characterized by a lowered respiratory quotient, 
shows a lessened quantity of urinary output and a normal or above 
normal hemoglobin percentage in the blood. 

With 20 grams of sugar these reactions are much less marked. 

With 75 grams of sugar the high metabolism and the diminution 
of the volume of urinary secretion lasts an hour longer than with 
50 grams of dextrose. 
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STUDIES IN BACTERIAL METABOLISM. VII. 


By ARTHUR I. KENDALL anp CHESTER J. FARMER. 


(From the Laberatories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School.) 


(Received for publication, July 17, 1912.) 


A most fundamental principle of bacterial metabolism may be 
expressed concisely by stating that ‘Fermentation takes preced- 
ence over putrefaction;’’' that is to say, bacteria in general which 
can utilize both carbohydrate and protein, act upon the former 
in preference to the latter when both are present in the same 
medium. 

In view of the confusion attending the use of the terms putre- 
faction and fermentation, they must be sharply defined. By fer- 
mentation is meant “‘the action of microérganisms upon carbo- 
hydrate,’ and by putrefaction is meant “the action of microér- 
ganisms upon nitrogenous substances.’”” 

Bacteria in common with all known living things need nitrogen 
to build up their bodies; it is self-evident, therefore, that even 
when carbohydrate is being fermented, enough protein must be 
broken down to satisfy their nitrogen requirements. Bacterial 
activity, therefore, must be sharply differentiated into two distinct 
processes, the structural and the vegetative, both functions being 
essential for their metabolism. 

Nitrogen is indispensable for the structural process, hence bac- 
teria must have nitrogen in their dietary. With the vast majority 
of bacteria, however, the vegetative process may be satisfied either 
by utilizable carbohydrate or by protein. Whenever bacteria 
can utilize both carbohydrate and protein for their vegetative 
activity (for fuel) and both are present in the medium in which these 


1 Kendall: Journ. Amer. Med. Assoc., |vi, pp. 1084-1088. 
2 For a more complete discussion of these terms, see Kendall: Journ. 
of Med. Res., pp. 140-144, 1911. 
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organisms are growing, the carbohydrate is invariably selected in 
preference to the protein. Even when protein is being utilized 
for vegetative purposes, the bacteria actually eliminate nitrogen 
from the protein molecule and apparently utilize only the carbon, 
hydrogen and oxygen for their energy metabolism (fuel). This 
amounts practically to the use of carbohydrate in the last analysis 
for fuel purposes. 

In the past, but little effort has been made to study bacterial 
metabolism quantitatively, at least from the comparative stand- 
point, yet it is largely from the comparative study of different types 
of bacterial metabolism that the fundamental principles can be 
elucidated. This lack of diligence cannot be explained wholly 
by the inadequateness of the older methods; it is rather attributable 
to rigid adherence to the narrow, botanical idea of morphology 
and differentiation of bacteria instead of the broader, dynamical 
consideration of bacterial activity. The few painstaking studies 
which have been made along these lines have failed for the most 
part because of the neglect of the carbohydrate factor in the media 
in which such experiments have been carried out. For these 
reasons, it is impossible to quote from the literature any studies 
which are carried out along lines similar to those presented below. 

The results upon which this summary is based have been derived 
from the comparative study of a considerable number of bacterial 
types using methods of far greater accuracy than those previously 
available. The types of bacteria represented in this series cover 
those commonly met with in bacteriology, and a sufficiently large 
number of strains of each type have been examined to give definite 
assurance of the physiological and chemical limits of each species. 
The organisms selected for this work have been drawn largely from 
the normal and pathological flora of the gastro-intestinal tract 
where dietary alternations, comparable with those to which these 
bacteria are subjected culturally, are commonly met with. 

The methods employed have been described critically in previous 
communications,* and will not be referred to here other than to 
state that the limits of error are much less than the thickness of 
the lines shown in the various curves at the end of the paper. 

Similarly, the analytical results have been presented in previous 


3 Folin and Farmer: this Journal, xi, p. 493; Folin and Macallum: 7bid., 
xi, p. 523; Kendall and Farmer: 7bid., xii, pp. 13, 19, 1912. 
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articles.‘ It is the purpose of this communication to plot, analyze 
and synthesize these results. The appended curves, accurately 
constructed from these analytical figures, show graphically the 
effects of carbohydrate upon bacterial metabolism. These curves 
furthermore illustrate in a striking manner the diversity of types 
of bacterial metabolism in media of the same composition; yet in 
spite of these diversities the sparing action of carbohydrate for 
protein is apparent, except in the strictly “ carnivorous’ organisms, 
B. alcaligenes and H-61. 

The frankly pathogenic organisms associated with toxemia in 
the human body, as typhoid and dysentery (both Shiga and Flex- 
ner), break down but little protein, as is shown by the small amount 
of ammonia liberated in the sugar-free medium, when they are 
using protein for fuel as well as for structural purposes. The 
amount of ammonia liberated by the less frankly pathogenic organ- 
isms increases progressively as the more saprophytic types, ¢.g., 
B. proteus, are approached. At first sight, cholera might seem to 
be an exception to this generalization. It must be remembered, 
however, that cholera may be a rapidly fatal disease, the entire 
course from infection to death taking place within twelve hours. 
This contrasts strikingly with diseases such as typhoid, where the 
incubation period alone is about fourteen days on the average. 
The proteolytic activity of cholera may be effectively checked by 
the presence of dextrose. 

It will be seen from the curves that the proteolytic activity, but 
not the structural activity of bacteria (except the strictly carnivor- 
ous types), can be arrested by the presence of utilizable carbohy- 
drate. The products of proteolytic activity, which are only formed 
when bacteriaare utilizing protein for fuel, are alkaline, nitrogenous 
substances; the products of fermentation, on the contrary, which 
are formed when bacteria are utilizing carbohydrate for fuel, are 
non-nitrogenous, acid products. It must be remembered that 
all known true toxins are nitrogenous, while acids produced by 
fermentation are at best but irritants and are for the most part 
non-nitrogenous. It would appear, therefore, that the production 
of toxic substances of bacterial origin must be the result of pro- 
teolytic (putrefactive) activity rather than of fermentative activity. 


4 Kendall and Farmer: this Journal, xii, pp. 13, 19, 215, 219, 465, 469, 
1912. 
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The importance of the sparing action of carbohydrate for protein 
in the light of toxin production must be apparent. 

We believe that the principle elucidated above is not limited 
to bacteria alone, but that it is in reality a general and fundamental 
principle of cellular metabolism. 


EXPLANATION OF CHARTS. 


The solid, heavy line represents the production of ammonia in milli- 
grams of nitrogen per 100 cc. of culture medium in sugar-free broth. 

The solid, light line represents the production of ammonia in milligrams 
of nitrogen per 100 ce. of culture medium in dextrose broth. 

The broken heavy line represents reaction in terms of cubic centimeters 
of normal acid or alkali per 100 cc. of sugar-free culture medium. 

The broken light line represents reaction in terms of cubic centimeters 
of normal acid or alkali per 100 cc. of dextrose broth. 

The composite curve illustrates graphically the relative amounts of 
ammonia produced by various types of pathogenic and saprophytic bac- 
teria; for convenience the different types are drawn in the same figure to 
bring out forcibly the difference in ammonia production in sugar-free broth 
between these types. It will be seen that the production of ammonia in 
dextrose broth is essentially the same for all these organisms, excepting 
those which can utilize no sugar. This ammonia production in sugar- 
containing broth is a measure of the nitrogen needs of bacteria for struc- 
tural purposes as contrasted with the fuel needs. 
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FAT IN THE ANIMAL ORGANISM.! 
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INTRODUCTION. 


Since Daddi? discovered that Sudan ITI, when fed incorporated 
with fat, is absorbed and laid down in the adipose tissue of animals, 
various experimenters have used the dye as a means of studying 
problems connected with fat metabolism. The possibilities of 
this method have not been exhausted, and the present investigation 
was aimed to extend the application of fat-soluble dyes to the solu- 
tion of some of the unanswered questions. 

The dyes used were: Sudan III (Kahlbaum); Biebrich Scarlet 
(Aniline Red, R. Medicinal. Merck); Indophenol (H. A. Metz and 
Company); Oil Soluble Green (H. A. Metz and Company); Oil 


1A preliminary report of some of the data recorded here was presented 
to the Society for Experimental Medicine and Biology (cf. Proceedings, 
viii, p. 126, 1911). The essential facts in this paper are taken from the 
dissertation presented by Amy L. Daniels for the degree of Doctor of Phil- 
osophy, Yale University, 1912. 

2 Arch. ital. de biol., xxvi, 142, 1896. 
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Orange (National Aniline and Chemical Company); Blue Base 
(Hudson River Anilipe Color Works); Dandelion Brand Butter 
Color (Wells, Richardson and Company); and Annatto. These 
are water-insoluble compounds which are soluble in fat, fatty acids, 
alcohol, ether, chloroform, benzene and bile, as well as in solutions 
of the isolated bile salts. They were introduced, dissolved in fat 
or in lecithin emulsions of oil,* either by feeding or by intravenous, 
subcutaneous or intraperitoneal injections. The dyes deposited 
in the fatty tissue and secreted milk of the experimental animals 
were easily detected by the color; those in the glandular, muscular, 
and nervous tissue, and in the fluids of the body—the blood, lymph 
and bile—were less easily determined. In all cases 2-gram por- 
tions of the tissue to be examined were minced, dried with anhy- 
drous sodium sulphate and extracted with ether. The ether ex- 
tracts were filtered, allowed to evaporate in white porcelain 
dishes, and the colors of the residues were noted. The blood and 
lymph were also dried with anhydrous sodium sulphate; the bile 
was similarly extracted with ether after being dried down with 
calcium oxide to form ether-insoluble compounds of the bile pig- 
ments. 


DEPOSITION OF FAT-SOLUBLE DYES IN ANIMAL TISSUES. 


With the exception of the meal worm, Tenebrio molitor,* the 
infusoria (Staniewicz) and possibly the cow® the adipose tissue 
has been found to be stained in those animals into which fat, 
stained with Sudan III, has been introduced. The animals investi- 
gated, the methods of introducing the stain and the results ob- 
tained, are summarized in the table on pages 74 and 75. 

Although the time required to stain the adipose tissue of animals 
of different species has been noted only incidentally, it would seem 
from the results reported that it varies considerably. Riddle has 
observed that rabbits and turtles absorb Sudan ITI less rapidly than 
the fowl, in which the fatty tissue is colored after one or two days’ 
feeding. The red stain appeared in the yolk of the eggs of hens, 


§ This emulsion, supplied by Fairchild Bros. and Foster, consisted of 
5 per cent lecithin, 45 per cent peanut oil and 50 per cent water. 

4 Biedermann: Arch. f. d. ges. Physiol., \xxii, p. 105, 1898. 

5S. H. and 8. P. Gage: Science, xxviii, p. 494, 1908; Anatomical Record, 
iii, 1909. 
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and in the milk of rats after one feeding, whereas the cow observed 
by 8S. P. and 8. H. Gage® gave no evidence of Sudan absorption 
after four days of Sudan feeding. 

EXPERIMENTAL. Feeding experiments with Sudan III were 
carried out with rats, cats, guinea pigs, pigeons, hens, frogs, a cow 
and a goat. The results were comparable with those of the earlier 
investigators. After a single feeding of deeply stained food, colored 
fat was found in the milk of cats and rats, and in the egg of the hen. 
Pigeons, after five days, showed a distinct pink coloration of the 
subcutaneous tissue through the skin; at autopsy, the fatty tissue 
was found to. be distinctly stained. Three guinea pigs, to which 
were given two gelatin capsules, each containing 80 mgms. of 
Sudan ITI, every second day for four weeks, gave no evidence of 
stained tissue; two guinea pigs, given 2 cc. of stained oil every 
second day for three weeks, contained faintly pink adipose tissue. 
Frogs were fed for three weeks during the hibernating period with 
meat liberally mixed with stained oil; throughout the experiment 
they were kept in a room at 20°C. In no case did the fatty tissue 
of these become stained. The cow secreted no stained milk even 
after seven successive feedings of 7.5 grams of Sudan dissolved 
in oil; whereas the milk of the goat was faintly, but distinctly, pink 
after one feeding of Sudan-stained food. 

It will be observed that, in general, those animals (rats, cats and 
fowls) which absorb fat readily, give evidence of Sudan-stained 
fat in less time than those, like the guinea pig and cow, in which 
fat forms a smaller factor in the diet. 

Biebrich Scarlet, which resembles Sudan III in its solubilities, 
and is not affected by dilute solutions of acids and alkalies, was 
fed to pigeons, rats and cats, with results comparable with those 
obtained with Sudan III. The subcutaneous tissue was colored 
pink. 

Feeding experiments with indophenol-blue were unsuccessful. 
This dye, unaffected by dilute alkalies, changes to pale yellowish 
green when treated with dilute hydrochloric acid. This color 
change in the stomach made it impossible to detect the dye ab- 
sorbed. In rabbits and pigeons after subcutaneous injections of 
oil emulsions colored with the blue dye no fatty tissue was found 


§ Anatomical Record, iii, 1909. 
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stained. The blood of rabbits taken from two to six hours after 
intravenous injections of indophenol-blue dissolved in oil emulsion 
yielded pink residues on extraction. 

These results point to the reduction of the indophenol-blue to 
indophenol by the tissues. The presence of active reductases in 
the various tissues of the animal body has been observed by Ehr- 
lich,’ Herter,’ Harris? and others. Heffter'® reports that the 
liver is particularly rich in this enzyme, a fact which was further 
demonstrated by us as follows: 


Ground liver tissue, to which oil stained with indophenol-blue had 
been added, was allowed to autolyze in the presence of toluene at a tem- 
perature of 30°C. After twenty-four hours, the mixture had lost its blue 
color and had become pink; the addition of hydrogen peroxide brought 
back the blue color. No change in color took place in a control experi- 
ment, carried out with boiled liver tissue under identical conditions. 


The localization of fat-soluble dyes in the tissues. 


Analysis of the various tissues of the animal body shows that 
the largest quantity of fat (ether extract) is found in the subcuta- 
neous tissue, the fatty tissue of the abdominal cavity and the bone 
marrow; however, the muscular, glandular and nervous tissues 
contain estimable amounts. It is reasonable to suppose, therefore, 
that animals containing Sudan-stained adipose tissue would like- 
wise have stained fat in the other fat-bearing tissues, especially 
since this dye readily reveals the presence of fat in histological 
sections of these tissues. The only investigators who even suggest 
that the fat of other than the adipose tissues may not be colored 
are Mann! and 8. P. and 8. H. Gage.’* The basis for Mann’s 
statement that ‘‘animals fed on oil colored with Sudan [Il show 
only the adipose tissue stained” is not clear. 8. P. and 8. H. Gage 
failed to find the stain in the nerve fibres of the chicks developed 
from the Sudan-stained eggs, although the adipose tissues of these 
were distinctly colored. 


7 Das Sauerstoffbediirfniss des Organismus, Berlin, 1885. 

8 Amer. Journ. of Physiol., xii, pp. 207, 457, 1904-5. 

® Bio-chem. Journ., v, p. 1438, 1911. 

10 Medizinisch naturwissenschaftliches Archiv, i, p. 81, 1907-8. 
11 Physiological Histology, 1902, pp. 36-7. 

12 Science, xxvili, p. 494, 1908. 
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Bondi and Neumann” found that the bone marrow and livers 
of rabbits were distinctly blue after the injection of an emulsion 
of fat, stained with indophenol, and that the Kupfer cells of the 
livers of rabbits became distinctly pink after the injection into 
the circulation of an oil emulsion stained with Scharlach Rot. The 
animals were killed a few hours after the injection; the adipose 
tissue had not become stained in this short time, and the fact that 
the liver cells contained the color of the dye injected cannot be 
taken as proof that these cells store fat. The results of subsequent 
experiments in this investigation pertaining to the mode of elimi- 
nation of fat-soluble dyes, to which reference will be made later, 
have thrown some light upon this point, and make it evident that 
these observations of Bondi and Neumann may be otherwise 
interpreted. 

EXPERIMENTAL. In order to ascertain whether stained fat, 
other than that in the distinctly adipose tissue, is present in the 
bodies of animals into which fat-soluble dyes have been introduced, 
2-gram portions of the tissues to be examined were freed, as 
far as possible, from extraneous fat and connective tissue, finely 
divided, dried and extracted with ether in accordance with the 
method already described. The dyes were administered dissolved 
in olive oil or in lecithin emulsion of peanut oil. The results are 
summarized in the table on pages 78 and 79. 

Discussion. Negative results were always obtained from 
nervous and renal tissues; from muscle when it was freed from con- 
nective tissue or extraneous fat as in starvation; and in general 
from liver tissue. Livers however from which blood had not been 
removed by perfusion or bleeding sometimes showed traces of the 
dye. In two cases the livers from rats which had been fed on a 
diet containing 75 per cent of deeply stained lard, yielded con-_ 
siderable quantities of the dye. These livers were distinctly 
pink, owing undoubtedly to the storage of the absorbed fat in the 
liver cells. Microscopic examinations of frozen sections, however, 
failed to disclose the dyes, even when chemical isolation demon- 
strated their presence. 

The explanation of these results is not clear. It may be that 
the form of the fat in the nervous, muscular and glandular tissues 


18 Zentralbl. f. Biochem. u. Biophysik, x, p. 1453, 1910. 
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of the body is quite different from that in the adipose tissue—that 
it is held in some loose chemical combination which is no longer 
capable of taking up the stain. The present methods of fat extrac- 
tion and staining may result in a disintegration of this complex 
molecule. MacLean and Williams“ have advanced the theory 
that the fat removed by extraction from animal tissues does not 
represent the form in which the fat exists in these tissues, and 
that the fat is made evident as the result of certain post-mortem 
changes by which the compound is broken up and the fat liberated. 
Leathes® and Abderhalden and Brahm" have suggested that the 
fat of the active tissues differs from that of the storage tissue. In 
the present investigation it was found that theisolated ether-soluble 
substances of the brain can take up the stain. This observation, 
together with the fact that the nervous tissue of Sudan-stained 
animals is always free from the dye, even when the embryonic fat 
contained an abundance, as was demonstrated by 8. P. and S. H. 
Gage'’ in chicks developed from the stained eggs, adds weight to 
the theory outlined above. 

An explanation of the fact that in a large number of the experi- 
ments the liver tissue was found to be free from the dye, is afforded 
by the observation that the fat-soluble dyes are more soluble in bile 
than in fat; and when these dyes are introduced into the body in solu- 
tion in the fat they are eliminated in the bile. Added evidence in 
favor of this explanation is found in the fact that the fat complex 
in the liver is not incapable of holding the dye in combination. 
This is shown by the following experiment: 


A solution of Sudan III in bile was injected, under pressure, into the 
common bile duct of a rabbit. After 20 cc. had been forced in, the liver 
was removed, perfused with physiological saline solution, comminuted, 
washed in cold running water for twenty-four hours and filtered; the resi- 
due, which was distinctly pink, was washed until the filtrate gave no test 
for bile salts with Pettenkofer’s reaction; ether extracts of the dried residue 
were distinctly pink. There could be no doubt that the fat had absorbed 
the stain. 


ConcLusions. Stained fats, introduced into the animal body 
intraperitoneally, intravenously, subcutaneously or by absorption 


14 Bio-chem. Journ., iv, p. 455, 1909. 

15 Problems in Animal Metabolism, 1906, p. 72. 
16 Zeitschr. f. physiol. chem., \xv, p. 330, 1910. 
17 Science, xxvili, p. 494, 1908. 
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from the alimentary tract, are laid down in the adipose tissue and 
marrow. 

The renal and nervous tissues are free from the stain, even when 
the fatty tissue is deeply colored; muscle tissue, when freed from ) 
fat, as in extreme starvation, contains no stained fat; the dye is | 
found in the liver only when the blood contains an abundance, as 
in starvation, or when the animal has been fed food containing a 
large amount of stained fat a few hours before the examination. 

Liver fat, in situ, is capable of taking up the stain. 

Indophenol-blue is reduced in the body; this reduction takes 
place, in part, in the liver; hence adipose tissue is not stained with 
this dye. 

















AVAILABILITY OF STAINED FAT IN METABOLISM. 





Riddle!® has suggested that adipose tissue stained with Sudan 
ITT is less available to the organism than unstained adipose tissue. 
Inasmuch as the dye enters into no chemical union with the fat, 
but is merely dissolved therein,!® it does not seem probable that 
the Sudan III can so change the nature of the fat that it cannot ) 
be used as effectively by the organism as unstained fat. An indif- 
ferent material, like Sudan III, might be toxic, or might form toxic 
combinations in the body, and thus affect organs dealing with fat 
combustion; but that the fat itself is rendered unavailable scarcely 
seems tenable. The non-toxicity of Sudan III has been shown | 
by feeding animals over. long periods of time without apparent ) 
deleterious results. | 
EXPERIMENTAL. [n order to determine if Sudan-stained fat 
is less available to the organism, starvation experiments were | 
carried out with Sudan-stained rats and pigeons; comparable experi- 
ments were conducted with normal animals. | 















1. Pigeon B. Fed with pulverized dog biscuit, lard deeply stained . 
with Sudan III, and cracked corn for three weeks before the beginning of 
the fasting period. Subcutaneous tissue became pink. Weight of pigeon 
at beginning of fast was 297 grams. Death in ten days. It had lost 116.5 
grams, 39 per cent of its initial weight; all visible fat had disappeared. 
No pink color was to be seen. A slight trace of Sudan III was found in 














18 Journ. of Exp. Zodél., viii, p. 163, 1910. 
19 Michaelis: Virchow’s Archiv., clx, p. 263, 1901. 
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ether extract of the tail gland, bone marrow and liver; the muscle, kidney 
and brain contained no trace of the dye. 

2. Pigeon C. Preliminary feeding same as B. Subcutaneous tissue 
became noticeably pink. Weight at beginning of fast 294 grams. Death 
in eleven days. Loss of weight 165 grams, 56 per cent. No visible fat 
remained; tissues showed no pink color; ether extract of liver and bone 
marrow slightly pink; of muscle, kidney and brain, colorless. 

3. Pigeon D. Fed Sudan-stained foodasinBandC. After sixteen days 
of fasting this animal died. It-had lost 41 per cent of its initial weight. 
All visible fat and stain had disappeared from the body. The ether extract 
of the bone marrow was slightly pink; that from the liver and muscle showed 
no pink color. 

4. Pigeon E. Anormal well-fed bird, was starved for sixteen days, dur- 
ing which it lost 229 grams or 54 per cent of its initial weight. All visible 
fat had disappeared from the body. 

5. Pigeon F. <A well-fed normal bird which died fifteen days after the 
fasting period began. The loss in weight was 144 grams or 45 per cent of 
its initial weight. All visible fat had disappeared. 

It should be noted that Pigeons B and C were kept during November 
in an unheated room with the windows open. This doubtless explains their 
earlier death as compared with pigeons D, E and F which were kept at 
about 20°C. In every case, however, the fatty tissue had entirely disap- 
peared from the body. 


Experiments with rats gave similar results. 


6. Rat A. Fed with ground dog biscuit mixed with lard deeply stained 
with Sudan III for seven days. Fasting period, three days. Loss in weight, 
42 grams, 42 per cent of initial weight. The body was free from all traces 


of visible fat and stain. 


?. Rat C. Preliminary feeding period, same as A. Fasting period ap- 
proximately sixty hours. All visible fat disappeared from the body. The 
ether extract of the brain, liver, muscle, kidney and subcutaneous tissue 
left no pink residue. 

8. Rat B. A normal well-fed rat, which died after a 60 hours’ fast. The 
loss in weight was 40 grams or 22 per cent of its‘initial weight. The body 
was free from all visible fat. 

9. Control experiment. Rat D. Was fed on Sudan-stained food as in 
the previous experiments, for seven days. The subcutaneous tissue, omen- 
tum and fatty tissue about the kidneys were deeply pink. 


The result of the control experiment affords evidence that the 
adipose tissue of the experimental animals was similarly stained 
at the beginning of the fasting periods. The further observation 
was made that rats, and in some eases rabbits, stained as the result 
of feeding with deeply stained, fat-rich food, excreted urines which 
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were distinctly pink; such urines were found to contain both fat 
and Sudan III. 

In two experiments Sudan-stained pigeons were fed with un- 
stained foods after long fasting periods—other pigeons, fasting the 
same length of time and under similar conditions, had died. At 
autopsy, the fatty tissue of these was found to be unstained. 


10. Pigeon G. Fed with Sudan-stained fat, described in protocols 1-3, 
starved thirteen days; loss of weight, 104 grams or 29 per cent. It was 
re-fed and examined some months later. All trace of Sudan had disap- 
peared; the ether extract of the tissues left no pink residue. 

11. Pigeon A. Previously fed with Sudan-stained food; starved eleven 
days; loss of weight, 104 grams or 32 per cent. It was re-fed until it had 
gained 16 grams. Upon examination, no stained tissue was found. Ether 
extract of subcutaneous fat, tail gland and omentum showed no pink color. 


Discussion. The results of these trials are not in agreement 
with those reported by Riddle. Sudan-stained pigeons and rats 
died in no less time than the unstained control animals. In both 
cases the visible fat had entirely disappeared, and, in the stained 
animals, the dye as well. Those animals which were fed after 
long fasting periods until there was a marked increase in body 
weight, contained no trace of the former Sudan-stained fatty tissue. 
One must conclude from these results that stained adipose tissue 
is no less available to the organism than the non-Sudan-stained 
fat and that it is used quite as readily and completely. 

The disparity between our results and those of Riddle is difficult 
to explain. His observations that chicks fed on stained food 
developed more slowly than normal chicks and that hens ceased 
to lay after considerable quantities of the dye had been ingested 
may have resulted from other causes than the ingestion of the 
dye. Itis conceivable that the apparent failure of starving stained 
animals in his experiments to utilize their fatty tissues as do normal 
animals was the result of impurities in the dye fed. Mann?° has 
observed that Scharlach Rot given to half grown kittens in large 
doses causes vomiting. We gave large doses of Sudan III, put 
up by an American manufacturer, to two cats. These died within 
a comparatively short time apparently from the effect of some im- 
purity in the dye. Other cats, given equally large doses of the 
Kahlbaum dye, experienced no ill effects. Riddle’s deductions from 


20 Personal communication. 
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his second series of fasting experiments that stained animals under- 
went a greater percentage loss of weight during starvation than do 
unstained are unconvincing by reason of the fact that an important. 
part of his weighing records was lost. 


THE FATE OF FAT-SOLUBLE DYES IN THE ORGANISM. 


The observations cited above have shown that Sudan III, depos- 
ited in the tissues as the result of adding the dye to the food, dis- 
appears completely during starvation. Experiments upon cats 
and rats gave no reasons for thinking that this disappearance is 
due to elimination of the dye by the kidneys. The fact that the 
excreta of starving Sudan-stained pigeons contained the dye and 
the observation that the dye was present in the gall bladders of 
Sudan-stained animals subjected to starvation or poisoning with 
phosphorus or phlorhizin turned our attention first to the elimina- 
tion of fat-soluble dyes by way of the bile. It is well-known that 
the bile is the normal path of elimination of many substances. 
From the work of Abel and Rountree on phenoltetrachlor- 
phthalein the assumption seems justifiable that substances which 
leave the body exclusively by way of the bile must be insoluble 
in water and soluble in bile or substances contained therein. 

Two preliminary experiments were made upon cats, previously 
fed with Sudan ITI and starved for four days preceding the experi- 
ment. The bile, collected as it was secreted by the liver, and the 
blood yielded pink ether extracts, while those obtained from the 
liver tissue, washed free of blood and bile, were colorless. These 
results pointed to a transport of Sudan-stained fat to the liver with 


subsequent storage of the fat in the liver and elimination of Sudan 
III in the bile. 


The elimination of fat-soluble dyes under normal conditions. 


The dyes, dissolved in lecithin-oil-emulsion, were introduced 
into the circulations of cats, dogs and rabbits by injections into 
the femoral veins. In each case the urine contained in the bladders, 
as well as the liver tissue and bile, was examined for the injected 
stain. The approximate time of the appearance of the dye in the 


21 Journ. of Pharmacol. and Exp. Therapeutics, i, p. 231, 1909. 
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bile after its introduction into the blood stream was incidentally 
noted. 

The results of the experiments are summarized in the following 
table: 


The excretion of fat-soluble dyes introduced dissolved in fat. 


RESIDUE TIME OF AP- 
COLOR OF FROM ETHER PEARANCE DYE IN DYE IN 
DYE EXTRACT OF | OF DYE IN | URINE LIVER 
BILE BILE 


ANIMAL 


minutes 


Cat I1,8 | Indophenol Blue Blue 30t None 
Dog IT, 14....)| Sudan Red Pink 30 None) Present 
Dog IT, 16..:. Sudan ITI Red Pink 20 None) None 
* Cat II, 21... . Indopfenol Blue Blue None Present* 
Dog II, 21... .| Sudan IIT Red Pink 60T 
Cat II, 22....| Oil Green Green Green 30 None Nonef 
Cat II, 23.... Oil Green ‘Green Green 90 None; None 
Rabbit II, 28. Biebrich Scar- | 

let Red Pink 60 None, Present 
Dog III, 21 .. Sudan III Red Pink 60 None None 
Cat II], 24... Sudan III _— Red Pink t None None 
Cat IV, 21.... Butter Color Yellow Pink 5 None) None 
Cat V,2...... Oil Orange Orange Yellow- | 

red 90 None None 

Cat V,6...... Blue Base Blue Pink 50 None Presentt 
Cat V,15 Butter Color Yellow Pink None 








* The animal died fifteen minutes after the second injection of dye. 

+t The animal died one-half hour after the injection. 

t The addition of dilute hydrochloric acid to the liver tissue resulted in a blue color. The 
animal died four hours after the injection. 

In a number of the experiments the residues from the ether 
extracts of the excreted bile were examined for fat. The ethereal 
filtrates were allowed to evaporate from watch glasses; the residues 
were heated gently; no melting of the material took place and no 
grease spot was formed on soft tissue paper by this residue. The 
dyes were excreted dissolved in bile and not in combination with 
fat. 

In some cases, the color of the residues from the ether extracts 
of the bile was not precisely like that of the dyes injected. This 
change in color is the result of the passage of the dyes through the 
body where they are brought in contact with hydroxylions. The 
action of dilute alkalies on the dyes outside the body causes a sim- 
ilar change. 
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The residues from the ether extracts of the liver tissue were not 
always colored; when the animals were killed some time after the 
injection of the stain, or when only a small amount had been intro- 
duced, the liver was found to be free from the dye. The urines 
were consistently free from stain. 

It is obvious from these results that fat-soluble dyes, when intro- 
duced into the circulation in solution in fat, become separated from 
the fat and are eliminated in the bile. 


Absorption of fat-soluble dyes into the portal circulation. 


The next experiments were designed to determine the rdéles 
played by the bile and by the fat in the absorption of fat-soluble - 
dyes from the intestine. 


22. Dog: 25 kgm. Fed at 7.20 a.m. Two hours later the animal was 
anaesthetized, and a cannula was inserted in the thoracic duct. Twenty 
cubic centimeters of Sudan-stained oil were injected into the duodenum 
at 11.15 a.m., followed by 1 gram of desiccated ox bile in solution. At 12.15 
the lymph was intensely pink. At 2.00 p.m., a cannula was inserted in the 
bile duct. The animal was killed by bleeding at 5.30 p.m. T'wo-gram por- 
tions of the liver tissue, 10 cc. samples of the blood, 50 cc. of the lymph and 
from 2 to4 cc. of the bile were examined. The ether residues from the dried 
lymph and bile were distinctly pink, while those from the blood and liver 
showed no trace of the dye. 

23. Cat, full-grown. Fed at 8.15 a.m., was anaesthetized at 9.30 a.m. 
A cannula was inserted in the thoracic duct at 10.45 a.m.; after 10 cc. of 
Sudan-stained emulsified oil had been injected into the duodenum, a cannula 
was placed in the common bile duct and the bile collected therefrom. The 
lymph flowed freely, and at 2.30 p.m. it was distinctly pink in color. The 
ether residues from the lymph and bile were distinctly pink. The blood 
(10 ec.) taken at 5.00 p.m. yielded no pink residue. The liver was also free 
from the dye. 


These experiments show clearly that although Sudan ITI, intro- 
duced with fat into the intestine, is absorbed by the lacteals and 
appears in the thoracic lymph, it is still absorbed and eliminated 
in the bile, under conditions which preclude the entrance of the 
lymph into the blood. In the latter case, neither the blood of the 
general circulation nor the liver tissue is stained. This behavior 
is explained in part by the observation that the dyes studied are 
more soluble in bile than in fat and by the results of the following 
experiments which show that the dyes may be absorbed from the 
intestine into the portal circulation in solution in bile. 
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Fasting animals were anaesthetized, a cannula inserted into the 
bile duct and bile solutions of the various dyes used in the earlier 
experiments were injected into the small intestine. The results 
are summarized below. 







The excretion of fat-soluble dyes absorbed from alimentary tract, dissolved 
in bile. 










RESIDUE 
COLOR OF FROM ETHER DYE IN DYEIN DYE IN 

DYE EXTRACT OF LIVER BLOOD URINE 
BILE 





ANIMAL DYE 















See Sudan [II Red Pink None None None 
3° 9 SSaeeeees Blue Base Blue Blue None None 








Cat IIl, 10;..... Indophenol Blue Blue None None None 
Cat IIT, 10....... Oil Green Green Brown pink! None None None 
Rabbit III, 20... Biebrich-Scar- 

let Red Pink None None 
Cat V, 29........ Oil Yellow Orange Yellow None 






pink 











The presence of the dye in the bile in these experiments and its 
absence from the blood of the general circulation show clearly that 
it is absorbed with the bile by the portal circulation and eliminated 
with the bile by the liver. That none of the dye entered into the 
general circulation is evidenced by the fact that the blood of the 
animals examined—five out of six—gave no indication of even 
traces of the dye when tested by a method capable of detecting 
0.00001 gram of Sudan ITI in 10 ce. 

The two following experiments show that when bile is not present 
with the dye in the intestine, no absorption of the dye in the portal 
circulation occurs. 

Stained fat was introduced into a loop of the upper intestine 
after this had been washed out with physiological saline solution 
to remove all traces of the adherent bile. The bile excreted under 
these conditions was free from the stain, although in one case (cf. 
protocol 24) the thoracic lymph showed that a slight amount of 
fat absorption had taken place; in the other experiment (cf. proto- 
col 25) both bile and lymph contained no dye until after the intro- 
duction of a bile solution into the intestinal loop, when the excreted 
bile was found to contain Sudan ITI, although the lymph was still 
colorless. 
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24. Dog: 20 kgm. Narcotized with morphine and ether. A temporary 
lymph cannula was inserted at 10.00 a.m., and a bile cannula at 10.45 a.m. 
A 12-inch loop of the intestine was tied off just below the pylorus and 
washed out with physiological saline solution, at body temperature, until 
the washings were clear. Sudan-stained oil, together with a solution of 
0.1 per cent HCl, introduced to increase the pancreatic secretion, were 
injected into the intestinal loop at 11.00 a.m. Bile, collected at 12.00 m., 
2.00 p.m. and 3.30 p.m., when dried and extracted, left no pink residues. 
Seventy cc. of lymph, collected between 2.00 and 3.30 p.m., contained a 
small amount of Sudan III; the ether extract of dried blood was unstained. 

25. Dog: 8 kgm. Anaesthetized with morphine and ether at 9.45 a.m. 
The insertion of the temporary lymph cannula immediately preceded that 
of the bile cannula. The intestine was ligated just below the pylorus 
and 14 inches below it. This loop was washed out with physiological 
saline solution until the washings were clear. Approximately 10 cc. of 
Sudan-stained emulsified oil, together with 10 ce. of 0.1 per cent HCl were 
introduced into this loop. The bile collected at 3.30 p.m. left no pink resi- 
due; the lymph also was free from dye. At 3.30 p.m., 10 cc. of a solution 
of desiccated ox bile were injected into the intestinal loop. The bile col- 
lected at 7.30 p.m., 3.5 cc., showed the presence of the dye, while the lymph 
taken at this time, 25 cc., left no pink color when extracted. 


The elimination of the dye in the bile during fat absorption, under 
conditions where the stained fat was prevented from entering the 
general circulation, was undoubtedly due to the migration of the 
dye from the fat to the bile in the intestine and its subsequent 
absorption. There is no reason to believe that the dye in the 
excreted bile was the result of absorption of stained fat into the 
portal circulation. Had such been the case, the dye would have 
been present in the excreted bile in experiment 24, as well as in the 
lymph. 


The time required for the absorption and deposition of fat, studied 
by means of fat-soluble dyes. 


The fact that fat-soluble dyes are eliminated in the bile explains 
some hitherto inexplicable phenomena observed in the work with 
Sudan III. Earlier in this investigation an attempt was made to 
determine the length of time required to lay down the fat absorbed 
from the alimentary tract. Stained fat was fed to rabbits and 
cats; and samples of blood, taken from the ear veins of the rabbits 
and the jugular veins of the cats, were examined for the circulating 
dye. The stain was still found to be present in the blood of rabbits 
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one week after the last stained feeding; and the blood of the cats; 
tested from four to five weeks after the last Sudan-feeding, left 
distinctly pink residues. Oil emulsions stained with Sudan III and 
Biebrich Scarlet gave similar results when injected into the cir- 
culation of rabbits. The blood of these was found to contain the 
dye three weeks after the last injection. 

These observations find their explanation in the fact that dye, 
absorbed from the intestine into the lymph with the fat and into 
the portal blood with the bile, again enters into the intestine with 
the bile. Thus a closed circulation of the dye is established and 
it is possible that the blood of a once Sudan-stained animal may 
become quite free from the stained fat only after long periods under 
normal conditions of feeding. Animals examined months after 
the Sudan-stained feeding had ceased contained deeply stained 
fatty tissue. 


The time required for the elimination of circulating fat-soluble dyes. 


An attempt was made to ascertain (in cats and dogs) the length 
of time necessary for the separation of the dye from the circulating 
fat and its elimination through the bile. Emulsions of stained 
fat, in amounts varying from 1 to 10 cc., were injected directly 
into the circulation; cannulae were placed in the common bile 
ducts and samples of blood and bile were taken every two or three 
hours. In order to facilitate the flow of bile, solutions of desiccated 
ox bile were injected into the upper intestine. The bile, blood, 
and liver tissue after it had been washed free from blood, so far as 
possible, were examined for the stain. 

Nine and one-half hours was the longest period during which 
observations were made in any experiment; and although in that 
instance only 1 ce. of the stained emulsion was injected, both blood 
and bile, collected at the end of this time, showed that a consider- 
able quantity of stained fat was still in circulation. In those cases 
in which the experiments continued over a comparatively long 
time, or when a small amount of the stained fat had been intro- 
duced, the liver was free from the stain. The liver evidently does 
not store up stained fat; the dye becomes separated from the fat 
as the stained fat comes in contact with the bile in the liver cells. 

Discussion. Fat-soluble dyes introduced into the body in 
solution in fat are secreted in the bile. These dyes may enter the 
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body from the alimentary tract in two ways: (1) in the lymph, in 
solution in fat; (2) through the portal circulation, dissolved in 
reabsorbed bile. When the dyes are absorbed dissolved in bile, 
they apparently do not pass beyond the liver, but are speedily 
reexcreted into the gut, and do not enter the general circulation 
unless fat is present in the intestine. The blood of Sudan-stained 
animals, under normal conditions of feeding, is never free from the 
fat stain. The dye put out in the biliary secretion is reabsorbed 
in the digesting fat, and a continuous circulation from gut to blood 
and return is established. The elimination of the stain from the 
circulation, when all possibility of reabsorption is removed, takes 
place slowly. The stained fat was found in the blood of a cat 
nine and one-half hours after it had been injected into the femoral 
vein. : 


FAT TRANSPORT IN STARVATION AND PATHOLOGICAL CONDITIONS: 
PHOSPHORUS AND PHLORHIZIN POISONING. 


We have attempted to follow the migrations of Sudan-stained 
fats under conditions in which a transport of fat is well-known to 
occur, namely, in starvation and after poisoning with phosphorus 
or phlorhizin. The experimental animals were fed in advance 
for a period of three to five weeks on Sudan-stained food. Phos- 
phorus was administered subcutaneously, dissolved in oil; phlor- 
hizin similarly in solution in sodium carbonate. Other details 
of selected protocols are summarized in tabular form: 


Sudan III in pathological fat transport and starvation. 
DURATION | FAT STAIN IN 








ANIMAL | OF _ |cONTENT OF 
| | “went. | “Y®2 | Bile | Blood 
days per cent | 
|-Cat I, 12...... | 5 | 56.0 | Present Present 
Starvation | Cat #, 18......| 5 | 33.5 | Present Present 
| Guinea pig..... ge 7.9 Present 
Ptekenbntien. 11 Cat XI, 23... 9 | 64.3 | Present Present 
ed | Hen X, 20..... | 4 | 59.0 | Present 
pomwoniné || Hen XI,29..., 19 | 40.5 | Present 
Phlorhizin { Cat XII, 6.... 12 15.8 Present Present 
poisoning Cat XI, 19.... 7 11.1 | Present Present 
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Neither in the foregoing nor in numerous other comparable 
experiments in which a transport of fat (fatty infiltration) was 
induced, was any evidence obtainable of dye in the extracts of the 
liver tissue or in frozen sections thereof. The constant finding of 
the Sudan III in both the blood and bile makes it evident that 
the dye migrates from the stained adipose tissue and is brought 
to the liver where it is eliminated in the bile. The observations 
give an additional indication that the fatty livers in these patho- 
logical conditions are produced by infiltration of fat; for it is diffi- 
cult to believe that, if the high content of liver fat had been ob- 
tained by a degeneration process in the hepatic tissue, such an 
accumulation of dye in the bile would have taken place. 


FAT TRANSPORT TO THE EMBRYO. 


The question of the origin of foetal fat has been much debated ;” 
It involves the broader problem of the passage of substances 
through the placental barrier. S. H. and 8. P. Gage (’08) failed 
to find the adipose tissues of the young stained, when stained fats 
were fed to pregnant mothers. Hofbauer (’05) believed that he 
found particles of dye in the foetal blood and assumed that they 
had become separated from fat metabolized by the embryo. His 
method—microscopic examination—is scarcely adapted to deter- 
mine this point, however. 

Numerous experiments in which we have fed rats and cats with 
Sudan-stained food or Biebrich Scarlet throughout the period 
of gestation have uniformly shown an absence of the dye in the 
foetus or the newly-born young. 'Two illustrative protocols, selected 
from many similar ones, will suffice to show our method of inves- 
tigation. 


Rat C. Sudan-feeding was begun sixteen days before the young were 
born. The alimentary tract was removed from one of them soon after 
birth. Its contents were distinctly pink (from mothers’ milk). The ether 
extract of the entire residual body was uncolored. Subsequent examina- 
tion of the mother showed deeply stained adipose tissue. 


22 Cf. Ahlfeld: Centralbl. f. Gynaekol., i, p. 265, 1877; Thiemich: Cen- 
tralbl. f. Physiol., xii, p. 850, 1898; Jahrb. f. Kinderheilk., |xi, p. 174, 1905; 
Hofbauer, J.: Arch. f. Gynaekol., lxxvii, p. 139, 1906; Oshima: Zentralbl. 
f. Physiol., xxi, p. 297, 1907; Bondi: Arch. f. Gynaekol., xciii, p. 189, 1911. 
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Cat B. Was fed 80 mgms. of Sudan III every second day for eighteen 
days prior to birth of kittens. Aside from the stomach contents there was 
no pink in the ether extract of tissues of the young examined soon after 
birth. The adipose tissue of the mother was deeply stained. 


Although it is unlikely from such findings that stained fat can 
pass through the placenta, this is not necessarily conclusive evidence 
that the foetal fat has its origin in substances other than fat. The 
findings in the case of the alimentary epithelial tissues and glandu- 
lar structures however add little likelihood to the transport or 
deposition of the fat in a non-stainable combination. 


FAT TRANSPORT INTO MILK. 


The precise relation of milk fat to food fat and the extent to 
which the latter can pass directly into the mammary secretion 
without first becoming a part of the body stores is not easily deter- 
mined. S. H. and 8. P. Gage (’09) found Sudan III in the milk 
of rats after prolonged feeding with the dye; this, however, is no 
proof of the immediate origin of the milk fat from the food, since 
the fat depots of the rats were also stained. In explanation of thé 
observations that foreign food fats have more frequently been 
found secreted in the milk of smaller animals (goats, sheep, dogs, 
rats) than of cows, it has been suggested that the milk secretion is 
more directly dependent upon the food supply in the smaller 
species. However, the marked differences in the time required 
to stain the adipose tissue of guinea pigs and rabbits with Sudan 
III in comparison with cats and rats, suggests that the discrep- 
ancies noted above may bear some relation to the readiness with 
which the different animals absorb and store fat. 

EXPERIMENTAL. We have investigated the appearance of 
Sudan III in the milk after feeding the dye both before and during 
the period of lactation. When animals, notably cats, have refused 
to eat stained fat, the dye has been administered in capsules either 
directly before or after a meal rich in fat. This fact is important 
for successful results. In the case of cats and rats the character 
of the milk was determined by examining the stomach contents 
of suckling young. Needless to say great care must be taken to 


23 Cf. Lusk: Science of Nutrition, 1909, p. 237. 
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have the cages scrupulously free from stained food which might 
lead to erroneous conclusions. 

It is scarcely necessary to repeat here the details of the many 
trials, since the methods are fairly obvious. Both Sudan III and 
Biebrich Scarlet were found to be secreted into the milk by rats; 
Sudan excretion was likewise observed in cats, guinea pigs and 
-a goat. In the case of the goat, one gram of Sudan III dissolved 
in oil was added to the feed twice daily during six successive days.” 
The milk drawn nine hours after the first dose showed the presence 
of the dye, the tint increasing with the subsequent milkings. The 
guinea pigs received 2 cc. of stained olive oil every other day. 

An important fact in this connection is the observation that 
the color disappears from the milk when the Sudan-feeding is 
discontinued, despite the persistence of the stain in the adipose 
tissues of the secreting animals. This was likewise true in exper- 
iments with Biebrich Scarlet. 

The following protocol illustrates the transport of storage stained 
fat during starvation and the passage of the dye into the milk: 


Rat 11. Was fed Sudan-stained food during the period of gestation. 
Soon after the birth of the young, April 30, the cage was cleaned and un- 
stained food thenceforth employed. On May 14 the ether extract of milk 
found in the stomach of a suckling rat was uncolored. The mother was 
now starved two days. At the end of this time the milk in the stomach of 
another one of the young gave a faintly pink ether extract. The adipose 
tissue of the adult was found to be stained still. This experiment was 
duplicated with another mother. 


Like 8. H. and 8. P. Gage, we have failed to induce the secretion 
of Sudan III in the milk of cows. A Holstein cow was given 7.5 
grams, twice daily, dissolved in olive oil and added to the mash 
feed on three successive days, without positive results. In con- 
sidering this we recall that the milk of the goat and guinea pig— 
animals in whose diet fat likewise plays a comparatively small rdéle 
—was decidedly faint in color in comparison with the milk of cats 
and rats. Bearing in mind the necessity of fat for the transport 
of the dye an explanation at once suggests itself for the inequalities 
here observed. 


* This experiment was conducted at the New York Agricultural Ex- 
periment Station in Geneva, through the kindness of Director W. H. Jor- 
dan. 
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SUMMARY. 


Some of the fat-soluble dyes, introduced into the organism by 
various paths, are deposited in the adipose tissues and bone marrow. 
The renal and nervous tissues are free from the stain, even when 
the fatty tissues are deeply colored. Muscle probably does not 
take up the dye. It is seldom found in the liver, because the fat- 
soluble dyes, which are insoluble in water, dissolve readily in the 
bile and are excreted thereby into the intestine from which they 
can be reabsorbed. 

The fat-soluble dyes may enter the organism from the alimentary 
tract through the lymphatics, in solution in fat; or by the portal 
circulation, dissolved in reabsorbed bile. They do not pass beyond 
the liver unless fat is present to transport them. Then they may 
be found in the blood, which is rarely free from the dye in a nor- 
mally fed animal that has once been stained. A cycle between 
intestine, bile and blood becomes established. No elimination of 
the dyes occurs through the kidneys, except when an alimentary 
lipuria arises (in rabbits and rats). 

Contrary to the assertion of others, the stained fat is no less 
available to the organism than the unstained. 

In cases conducive to fat transport—in starvation, phosphorus- 
and phlorhizin-poisoning—stained fat migrates from the stained 
depots to the blood and the liver cells. Here the dye is separated 
and secreted into the bile; so that the liver, though having a high 
content of fat, may be free from the dye. 

Stained fat does not traverse the placenta. The blood of the 
foetus and the fat of young born of Sudan-stained mothers is free 
from dye. 

The excretion of Sudan IfI and Biebrich Scarlet in milk, when 
they are given with food fat, suggests that the latter may pass 
directly into the mammary secretion. With cats and rats the 
results are striking, but the dye excretion in milk ceases when the. 
stained food is no longer fed. In guinea pigs and goats the secre- 
tion of dye in the milk is positive; in the cow it has not yet been 
demonstrated. The variation in the outcome in the different 
species may be due to variations in the relative abundance in the 
dietaries of fat necessary for the absorption and transport of the 
dye. This explanationisemphasized by the observation that those 
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animals (cats, rats, hens, pigeons) for which fat enters more largely 
into the diet, become stained more easily or speedily than animals 
which are accustomed to ingest relatively smaller amounts of fat. 
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SOME NEW COMPOUNDS OF THE CHOLINE TYPE. IL. 


CERTAIN ACYL DERIVATIVES OF a-METHYLCHOLINE, ‘‘8-HOMO- 
CHOLINE” (8-METHYLCHOLINE) AND y-HOMOCHOLINE.! 


By G. A. MENGE. 


(From the Division of Pharmacology, Hygienic Laboratory, U. S. Public 
Health Service, Washington, D. C.) 


(Received for publication, August 31, 1912.) 


In a preliminary paper? under the same general title, describing 
the chlorides of a-methylcholine, 


(CH;) (CH,). 

4 sh | 6-dimethylcholine, CLN@ en 
CH-CH.OH CH,-COH 
| 


fi 
QH; CH; CH; 


(CHs) 
8, 8-methylethylcholine, c.n€ 1 , the writer announced 
CH:COH 


a 
CH; CH; 


that certain acyl derivatives of a-methylcholine had also been 
prepared. The description of these compounds, however, was 
deferred at that time, pending the completion of certain minor 
details of investigation essential thereto. These experimental 
details have long since been completed but the published descrip- 
tion of the compounds has been still further delayed by the 
demands of other work. Such description is here submitted to- 
gether with that of several other acyl derivatives and certain of 
their salts. 

A number of acyl derivatives of a-methylcholine chloride have 
been prepared. In all cases, except that of the acetyl derivative, 


Cl.N 


and 


1 Submitted, in abstract, to the International Congress of Applied Chem- 
istry, New York, September, 1912. 
2 This Journal, x, pp. 399-406. 
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the method of preparation was, in general, the same and consisted 
in heating the choline compound with a considerable excess of the 
acyl chloride, generally in a sealed tube at 100°. On pouring the 
reaction product into dry ether the acyl derivatives separated as 
oils or oily solids which were more or less difficult to purify accord- 
ing as the acylation had proceeded smoothly and completely or 
not. In all cases their preparation in only small quantities was 
attempted, primarily for pharmacological investigation, and any 
study of their general properties was accordingly restricted. 

The acetyl derivative of a-methylcholine (acetyl-6-methyleth- 

J\CHs)s 


oxytrimethylammonium chloride) CLIN was 
" ‘CH,OCOCH; 
CH; 
prepared by mixing about 1 gram of the choline compound with 
a large excess of acetic anhydride in an acetylation flask and 
heating to gentle boiling for about two hours. After cooling, the 
reaction product was poured into a comparatively large volume of 
dry ether, whereupon the acetyl derivative separated as an oil or 
oily solid. This was repeatedly washed, by thorough stirring and 
decantation, with successive portions of dry ether to remove excess 
of acetic anhydride and the acetic acid. Finally the trace of ether 
remaining after decantation was driven off by gentle heating, the 
oily residue taken up in a little absolute alcohol and the alcoholic 
solution evaporated to dryness in a vacuum desiccator leaving a 
slightly oily, crystalline, hygroscopic, white solid. The final prod- 
uct was identified by means of the platinum and gold salts. In 
this connection, however, the platinum salts are considered the 
better because, as a rule, they are more definitely crystalline, less 
soluble, more stable, and more conveniently handled. 
The platinum salt of acetyl-a-methylcholine, 


nG CHa) 
\CH.CH:0COCH: 2 PtCl, was prepared by dissolving a 
CH; 
portion of the chloride in a little absolute alcohol and precipitat- 


ing with an alcoholic solution of chlorplatinic acid. A dense yellow 
crystalline precipitate resulted. The salt is insoluble in absolute 
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alcohol but soluble in water and in mixtures of alcohol and water. 
It melts* with decomposition at about 222°-223° (corrected). 
Analysis for platinum by ignition resulted as follows: 


0.1535 gram salt gave 0.0411 gram Pt. 


Calculated for 


CisHasOuNoClePt: Found: 
DUC iinciiha dia Gbied diedweakdiacet ae ae 26.70 26.77 
_f/\CHs)s 
The gold salt, ~ \CH.CH,OCOCH, } AuC ‘ly, was prepared 
OH. 


in a manner similar to the platinum salt just described and also 
by adding a concentrated aqueous solution of chlorauric acid to a 
concentrated aqueous solution of the acetyl derivative. In each 
case the salt separated as a pale yellow, crystalline solid. Under 
the conditions outlined in a previous footnote it melts at 124°- 
125.5° (corrected). Analysis for gold by ignition in the two cases 
resulted as follows: 

I. 0.1459 gram salt gave 0.0574 gram Au. 

II. 0.1373 gram salt gave 0.0540 gram Au. 


Calculated for Found: 
CsHysO2oNChAu: I. TI. 
SOP as ee ser sip eek 39.48 39.34 39.33 


Benzoyl derivative of a-methylcholine chloride (benzoyl-8-meth- 
Yj ( CH; )3 


ylethoxytrimethylammonium chloride), Cl.N7Z 


\CH.CH,0¢ ‘OCH; 
CH; 


This compound was prepared by heating the a-methylcholine 
chloride with a large excess of benzoyl chloride, in a flask with 
reflux condenser, to 100° (water bath) for about two hours. The 
reaction product poured into dry ether yielded an oily precipitate 


3 All ‘“‘melting points’’ here reported were determined by the usual capil- 
lary-tube method in a bath of sulphuric acid, using standardized Anschutz 
thermometers for which a correction for emergent stem was not considered 
necessary. The rate of heating in all cases was regulated so as to closely 
approximate 5° a minute within 20° to 30° of the melting point. As pointed 
out in Hygienic Laboratory Bulletin 70, and as corroborated in this and 
other work, the decomposition point may vary quite widely with compara- 
tively slight variation in manipulation. 
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which was worked up in the same manner as the acetyl derivative 
except that the last traces of benzoyl chloride were removed by 
dissolving the oily precipitate in water and extracting several 
times with ether. The aqueous layer was then evaporated to 
dryness in a vacuum desiccator, containing concentrated sulphuric 
acid, yielding a white, crystalline, hygroscopic solid. The reac- 
tion was apparently neither so smooth nor so nearly quantitative 
as for the acetyl derivative. 
The platinum salt of benzoyl-a-methylcholine, 
N J(CHs)s | 
\CH.CH:OCOC,H; 2 PtClk, was obtained by dissolving a 


| 
CH; 


portion of the above described solid in a little cold water and 
precipitating with a cold aqueous solution of chlorplatinic acid. 
It appeared to be quite insoluble in cold water since careful 
concentration of the mother liquor caused no further separation. 
Heated in a capillary tube the salt begins to sinter definitely 
and to darken above 233° and decomposes with effervescence at 
236.5° to 237.5° (corrected). Analysis for platinum by ignition 
resulted as follows: 


. 


0.1178 gram salt gave 0.0270 gram Pt. 


Calculated for 


CosHsoOsNeClePt: Found: 
FEY eRe EW y vey 22.87 22.92 
N J (CHs)s 
The gold salt, \ex.cax0c0cct het seal iad 
bn, 


obtained, from the quantity available, in condition favorable 
for accurate analysis. It was precipitated from an aqueous solu- 
tion of the benzoyl-choline derivative with concentrated aqueous 
chlorauric acid and separated as a pale yellow very viscous oil. 
It is quite soluble in alcohol and slightly soluble in hot water. 

The phenylacetyl derivative of a-methylcholine chloride 
(phenylacetyl-8-methylethoxytrimethylammonium chloride), 


, «- #(CHs): 
cLNZ was prepared in the following man- 


\CH.CH.OCOCH2C\H,’ 


| 
OH, 
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ner: About 1 gram of a-methylcholine chloride was mixed in a 
Carius tube with a moderate excess of phenylacetylchloride; the 
tube was sealed, heated in boiling water for about five hours, 
allowed to stand in the cooling bath over night, and the product 
poured into dry ether. As in previous cases the acyl derivative 
separated in an oily condition. 

In order to test the stability of the phenylacetyl group in the 
molecule a small portion of the oily product was taken up in cold 
water, extracted with ether, and the aqueous solution evaporated 
to dryness on a water bath. The residue obtained was dissolved 
in alcohol and precipitated with alcoholic chlorplatinic acid. A 
platinum analysis of the resulting salt indicated, with practically 
theoretical accuracy, the platinum salt of a-methylcholine; sug- 
gesting that either the acylation had not proceeded at all or com- 
plete saponification of the ester had resulted from the treatment 
with water. 

The remainder of the original oily residue was taken up in cold 
water, extracted with ether, and a portion of the aqueous solution 
treated at once with aqueous chlorplatinic acid. A yellow, more 
or less waxy, precipitate separated which proved to be the platinum 
salt of the phenylacetyl derivative, 

N f/(CHs)s 

\CH.CH,OCOCH.CiH ¢ PtCl, It is insoluble in absolute 
CH; 
alcohol but soluble even in cold water. The attempt to concen- 
trate the mother liquor on a water bath, however, resulted in 
decomposition. On heating the salt in a capillary tube it shows 
the effect, slightly, as low as 219°, turns dark-gradually above 229° 
and decomposes with effervescence at about 245.7°-246.7° (cor- 


rected). 
Analysis for platinum by ignition resulted as follows: 


0.1021 gram salt gave 0.0225 gram Pt. 


Calculated for 
CosHuO«NeClePt: Found: 


22.04 


As in the case of the benzoyl] derivative the gold salt of the phenyl- 
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_ f(CHs)s 
acetyl derivative, a aacenata ‘HeCsH; | AuCh, separates 
CH; 


as an oil and could not readily be obtained in a condition favor- 
able for melting point determination and analysis. It is readily 
soluble in hot water and slightly soluble in 95 per cent alcohol but 
appears to undergo decomposition in both cases as shown not only 
by analysis but also by marked change in melting point. One 
sample of the salt, undoubtedly impure, melted slowly over a 
wide range from about 140°-160°, but on recrystallizing from hot 
water (yielding well-formed crystals) it melted at about 192°-194°, 
which approximates the melting point of the gold salt of a-methyl- 
choline itself, 197°-198.5° (corrected). Similar observations were 
made on the behavior of the platinum salt. It appears therefore 
that the phenylacetyl derivative of a-methylcholine is not a very 
stable compound either in the form of the chloride, the platinum 
salt, or the gold salt. 

For the purpose of comparison, both physiologically and chemi- 
cally, with the choline derivative just described the corresponding 
derivative of ‘‘8-homocholine’’* (8-methylcholine) chloride was 
prepared: 

Phenylacetyl-8-methylcholine chloride (phenylacetyl-8-oxypro- 


; ae J\CHa)s 
pyltrimethylammonium chloride), ILN\ CH, CHOCOCHLC,H,. 
On, 

This compound was prepared by heating a mixture of the cor- 
responding choline chloride and phenylacetyl chloride (in excess) 
in a sealed tube to 100° (water bath) for about three hours. As 
with the other preparations described, treatment with dry ether 
precipitated an oily semi-solid product. A portion of this was 
converted into the platinum salt, analysis of which indicated a 
mixture of the unaltered 6-methylcholine and the desired deriva- 
tive. 

An attempt to separate this mixture into its component salts by 


4 Other acyl derivatives of ‘‘8-homocholine’’ have been prepared in this 
Laboratory and are briefly described by Hunt and Taveau in Hygienic 
Laboratory Bull. No. 73, U. S. Public Health Service. 
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fractional crystallization from hot water was successful. Two 
distinct fractions were obtained. The less soluble fraction showed 
a melting point of about 250°, corresponding to that reported by 
Hunt and Taveau® -for “8-homocholine”’ platinum salt. The 
more soluble (smaller) fraction melted at 216°-217° (corrected), 
and analysis for platinum indicated it to be the platinum salt of 
phenylacetyl-8-methylcholine, 
foCHa)s 


a ee 
rom HOCOCH2C.H; }, PtCl., as shown in the follow- 
CH; 


ing data: 


0.1052 gram salt gave 0.0233 gram Pt. 


Calculated for 
CosHuOgNeoClePt: Found: 
Si a a os Seer ites oe 22.14 22.15 


This experiment demonstrated in a striking way the greater 
stability of this particular derivative of 8-methylcholine as com- 
pared with the same derivative of a-methylcholine (described 
above) under similar conditions, and suggests the possibility of a 
general rule to the effect that esters of secondary alcohols are less 
easily saponified than the same ester of isomeric primary alcohols. 

A second preparation of phenylacetyl-6-methylcholine, involv- 
ing the same quantities of reagents as in the first, was made in a 
successful attempt to obtain a more quantitative reaction. The 
mixture in a sealed tube was heated in a boiling water bath for 
about seven hours. It was then transferred to a tube-furnace and 
heated to 150° for about one hour. The reaction product, treated 
as in previous preparations, was converted into the platinum salt, 
which without recrystallization analyzed as follows: 


0.1076 gram salt gave 0.0238 gram Pt. 


Calculated for 
CosHuOiNeoClePt: Found: 
TRE oy aR Ne. ee eee 22.14 22.03 


The gold salt of this derivative, 


5 Hygienic Laboratory Bull. No. 73, U. S. Public Health Service, footnote, 
p. 33. 
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_ GACH): 
\\CH:.CHOCOCH,C,H; AuClh, was also prepared, using 


Ou, 
chloride of the base that had been standing in a vacuum desiccator 
for about four weeks. On adding chlorauric acid to an aqueous 
solution of the choline chloride the gold salt separated as a pale 
yellow oil which quickly became crystalline on rubbing. On heat- 
ing in a capillary tube it sintered slowly above 60°, fused with- 
out flowing at 74.5°-76°, became limpid and fairly clear at about 
85° (not corrected). Analysis for gold by ignition resulted as 
follows: 










0.1080 gram salt gave 0.0374 gram Au. 


Calculated for 
CyuH2O2NChAu: Found: 
0 oo eit 9 sanek a te Guataninns Maeda he a 34.28 34.63 












From the aqueous mother liquor on standing a considerable 
further separation of flaky crystals resulted. In a melting point 
determination this fraction showed the same general behavior as 
the crystallized oil, but at a higher temperature, fusion to a mushy 
mass occurring at 86.5°-88.5° instead of at 74.5°-76°. Analysis 
disclosed the considerably higher gold content of 36.79 per cent. 
The crystallized oil fraction, which was slightly soluble in cold 
water and in cold absolute alcohol but readily soluble in these 
solvents hot, was dissolved in a little hot water from which on 
cooling it separated in flaky crystals. This fraction showed a 
further difference in melting point, fusing at 114.5°-115.5° and 
becoming a clear limpid liquid at 118° (uncorrected). The remain- 
ing material was insufficient for analysis. 

In view of the data derived from the platinum salt of this deriva- 
tive the above described behavior of the gold salt would suggest 
decomposition of the gold salt rather than serious impurity in the 
original product, though there is the alternative possibility (which 
was not verified) of partial decomposition of the chloride of the 
base on long standing in a vacuum desiccator. 

For comparison with the phenylacetyl derivatives already 
described the corresponding derivative of “‘y-homocholine’’® 
























6 Other acyl derivatives of ‘‘y-homocholine’’ have been prepared in this 
laboratory and are briefly described by Hunt and Taveau in Hygienic 
Laboratory Bull. No. 73, U. S. Public Health Service. 
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p§CHs)s 
CLNZ 
\\CH.CH2.CH:OCOCH.C,H; 
pound was prepared by the same method applied to the 6-com- 
pound. Only two hours’ heating in the water bath, however, 
appeared sufficient to induce complete reaction. As in other 
cases the crude reaction product was oily but on concentrating, in 
a vacuum desiccator, a portion of the aqueous solution, after 
extracting with ether, it gradually separated as a white flaky solid. 
Another portion of the aqueous solution was precipitated with 
chlorplatinic acid forming the platinum salt, 

y(CHs)s 
(s 


\CHe.CH2.CH,OCOCH2C;H; 
insoluble in aleohol and difficultly soluble in hot water from which 
it crystallizes in individual, and clusters of, stocky prisms. It melts 
sharply with decomposition at about 193° to 194° (corrected). On 
ignition: 


, was also prepared. This com- 


} PtCls. This salt is practically 


0.1031 gram salt gave 0.0230 gram Pt. 


Calculated for 
CosHusOgNoClePt: Found: 


i 5 ah ls, Wah ak Aik tic eR sriite tal 22.14 22.31 


The gold salt of this derivative, 


( goCHa)s 


ea 
CH.CH,CH,OCOCH.C,H; 
aqueous solution with aqueous chlorauric acid and separated as 


AuCl, was precipitated from 


a pale yellow, crystalline solid. It is nearly insoluble in cold ° 


water and rather difficultly soluble in warm water from which on 
cooling it separates in flaky crystals. The solubility in absolute 
alcohol is considerably greater than in water. It melts slowly 
with slight effervescence at 129°-131° (corrected). On ignition: 


0.1073 gram salt gave 0.0370 gram Au. 


Calculated for 
CuH2O2eNChAu: Found: 


Gs Bid canes wvaescanaeeaeeres 34.28 34.48 


The propiony! derivative of a-methylcholine chloride (propionyl- 
8-methylethoxytrimethylammonium chloride), 
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yy CHs); 

CILLNZ 
SCH.CH,OCOCH.CH; 

Cn, 

and procedure already fully described. Analysis of the crude gold 
and platinum salts indicated that the reaction was still not quite 
complete after heating the mixture of a-methylcholine and prop- 
ionyl chloride (in excess) in a sealed tube for between three and 
four hours in a boiling water bath. No attempt was made to purify 
the gold salt, analysis of which, however, indicated a _ sufficient 
degree of purity for preliminary pharmacological purposes as shown 
in the following data: 


was prepared by the same method 


0.2 gram salt gave 0.0776 gram Au. 


Calculated for 
CeH202NClhAu: Found: 


EEE Ee CEES Oot Bee OTT ORS Le ee 38.43 38.8 


The platinum salt was purified by recrystallizing from hot water. 
The pure salt decomposes, under the conditions previously out- 
lined (footnote 3), at about 231°-232° (corrected). On ignition 
for platinum analysis: 

0.1101 gram salt gave 0.0285 gram Pt. 


Calculated for 
CisHsoOaNeoClePt: Found: 


Piacddatoesses Fs kd teens eee 25.77 25.88 


Valeryl, monobromisocapronyl, and palmityl derivatives of 
a-methylcholine were also prepared by the method described. 
The valeryl derivative (valeryl-8-methylethoxytrimethylammo- 


J CHs) CH; 
nium chloride, CLIN a was obtained in pure 
CH.CH,OCOCH 


| * 

CH; C.H, 
form without difficulty. The platinum salt, precipitated from 
aqueous solution, on heating in a capillary tube gradually sinters 
above 219° and decomposes with effervescence at about 228° 
229° (corrected). Ignited for platinum: 


0.1526 gram salt gave 0.0367 gram Pt. 


Calculated for 
C2HasOgNoClePt: Found: 


BkbsssisecCiseey beak coe eden pes 23.99 24.05 


G. A. Menge 107 


The gold salt separated as an oil from both aqueous and alcoholic 
solution. On standing over night at room temperature it crystal- 
lized (prisms). Heated in a capillary tube it sinters sharply at 72° 
and is completely melted on slowly heating to 75°. It is practically 
insoluble in cold water, slightly soluble in cold absolute alcohol and 
in hot water, and readily soluble in hot aleohol. Analysis for gold 
resulted as follows: 


0.1224 gram salt gave 0.0449 gram Au. 


Calculated for 
CnHaO2NChAu: Found: 
36.68 


Subsequent investigation of the valeryl derivative, by means of 
platinum and gold preparations, indicated that it had deteriorated 
on long standing in a vacuum desiccator. 

The monobromisocapronyl derivative (a-bromisocapronyl-s- 


methylethoxytrimethylammonium chloride), 
JCHs)s CHs 
C1LNC 4 was obtained without seri- 
CH.CH:,0.CO.CHBr.CH.CH 


| » 
CH; CH; 


ous difficulty, though perhaps not perfectly pure, after about five 
hours’ heating of the reacting mixture in the waterbath. The plati- 
num salt, freshly precipitated from aqueous solution, appeared of 
waxy consistency but became more granular on rubbing with a glass 
rod. Precipitated from alcoholic solution it was still more waxy in 
character. It is practically insoluble in absolute alcohol, cold or 
hot, and in cold water, but dissolves slowly in hot water from which 
on cooling it separates in a dense flocculent mass, isolated patches of 
which appeared, under the microscope, to be clusters of very fine 
needles. The clean dry salt, heated in a capillary tube, decom- 
poses at about 226°-227° (corrected). On ignition for platinum: 


0.1507 gram salt gave 0.0291 gram Pt. 


Calculated for 
CoaHs00«N2CleBrePt: Found: 
19.31 


The gold salt of this derivative, which separates from aqueous 
solution (and persists) as a reddish oil, could not be obtained in 
sufficient purity to give a satisfactory analysis. 
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A first attempt to prepare the palmityl derivative of a-methyl- 
choline (palmityl-8-methylethoxytrimethylammonium chloride), 


we 
\CH.CHLOCOC,,H»: 


Cl resulted, as determined by platinum salt, 


( La, 
in absolute failure. The experiment was repeated taking special 
precautions to use dry reagents. The mixture, including a larger 
excess of palmityl chloride than in the first attempt, was heated 
in a water bathfor about six hours and allowed to remain sealed and 
standing in the cooling bath over night. On pouring the reaction 
product into dry ether a finely divided white waxy solid, more or 
less oily, separated. This proved to be so much less soluble in 
water than the other acyl derivatives that preparation of the plati- 
num salt from aqueous solution was impractical. Analysis of the 
platinum salt, precipitated from alcoholic solution, indicated the 
reaction product to be a mixture of unaltered a-methylcholine 
chloride and the palmityl derivative. The salt was treated with 
hot water and heated with stirring on a water bath. A compara- 
tively small part of it dissolved readily, the rest remaining appar- 
ently unaffected even on the addition of more water. The dis- 
solved portion, largely recovered by concentration of the mother 
liquor, gave analytical results for platinum which were practically 
theoretical for the platinum salt of the unaltered base. The undis- 
solved portion proved to be, as indicated by analyses for platinum, 
the platinum salt of the palmityl derivative. It is practically 
insoluble in alcohol and in water, cold or hot. Heated in a capil- 
lary tube it decomposes with effervescence at about 240°-241°. 
Duplicate analyses for platinum by ignition resulted as follows: 


I. 0.1005 gram salt gave 0.0172 gram Pt. 
II. 0.1006 gram salt gave 0.0173 gram Pt. 


Calculated for Found: 
CusH9204NeClePt: 5. II. 
17.39 iy .is 63.2 


The gold salt of the palmity] derivative, 


- fiCHs)s 
\\CH.CH,0COC,;Ha1 AuCly, was also prepared but was not 


| 
CH; 
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easily obtained pure. It is too soluble in absolute alcohol to be 
prepared in that medium or to be recrystallized from it, but when 
water is added to the alcoholic solution the salt separates as a pale 
yellow greasy precipitate, which was made more definitely crystal- 
line by washing with ether. It is readily soluble in absolute 
alcohol, slightly soluble in water and in ether. It melts (not 
sharply) at about the same temperature as the gold salt of the 
valeryl derivative (72°-75°). A large part of available salt was 
lost by decomposition in attempting to dry it in an air bath at 
about 80°. The small remainder was more carefully dried, and 
analyzed for gold by ignition (to constant weight) : 


0.0980 gram salt gave 0.0275 gram Au. 


Caleulated for 
CxHwO2NChAu: Found: 


Diiitknatsdainnides cae ninkes 28 .37 28 .06 


Since the publication of the preliminary paper cited above the 
development of new compounds of the choline type has been con- 
tinued in this laboratory, as opportunity permitted, with more or 
less success. Some of the results obtained in this later work will 
be submitted for publication at an early date. 

















A STUDY OF THE TRYPTIC PROTEOLYSIS OF 
CYNOSCION REGALIS. 


By GEORGE F. WHITE anp ADRIAN THOMAS. 


(From the Laboratories of the U. S. Bureau of Fisheries, Woods Hole, Mass., 
Clark College, Worcester, Mass. and Richmond College, Richmond, Va.) 


(Received for publication, September 3, 1912.) 


It is frequently desired to compare the rate and course of diges- 
tion of various proteins by enzymes, according to methods which 
while not complicated will give distinctive and reliable results. 
Van Slyke’s! method for the determination of amino-acids has been 
successfully applied by White and Crozier? to a comparison of 
the tryptic proteolysis of beef and several fish meats. The ease 
of manipulation of the apparatus, the brief time required for a 
determination and the regularity of the experimental data, makes 
the process generally useful. Also the conclusions drawn conform 
with those from metabolism experiments, making the results of 
still greater value. 

The method which Sérensen’ has proposed or the estimation 
of amino-acids and polypeptides, by titration with caustic soda 
after the addition of formaldehyde, by its simplicity suggests 
itself for artificial digestion processes. It is the object of this 
article to show its application to the hydrolysis of Cynoscion regalis 
(squeteague, weakfish) by trypsin, and to compare the results with 
those obtained by Van Slyke’s method. 


The squeteague was boiled in water for one-quarter of an hour, allowed 
to drain from excess of liquid and preserved ice-cold. An analysis of two 
samples gave an average of 4.52 per cent N. 

The digestion was earried on in 250 cc. volumetric flasks placed in a 
thermostat kept at a temperature of 37.5°C. Enough meat to furnish 1.5 
ae of ene was wae out, pone up with water together with 


1 This Journal, ix, p. 185, 1911. 
2 Journ. Amer. Chem. Soc., xxxiii, p. 2042, 1911. 
3 Biochem. Zeitschr., vii, p. 45, 1907. 
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112. Tryptic Proteolysis of Cynoscion Regalis 


1 gram of trypsin, and this mixture poured into the flask. Twenty-five 
cubic centimeters of 75 sodium hydroxide solution were added and the 
whole made up to 250 cc. with water. A little chloroform was then added. 
Trypsin is presumably most active in a medium which is alkaline with 
sodium carbonate, but the presence of this salt would interfere with the 
titration for the amino-acids where phenolphthalein must be used as an 
indicator, so that the alkalinity was ensured by the addition of the hydrate. 
Separate mixtures were made and analyses run in duplicate for the time 
periods of one, one-half, two, five and eight hours respectively. A sample, 
similar to the above but containing no trypsin, was also prepared and ana- 
lyzed with the others according to the following method. 

At the end of the desired time of digestion, the mixtures were filtered 
and aliquot portions of the filtrate taken for the various tests. Ten cubic 
centimeters were used for the determination of total soluble nitrogen by 
the Kjeldahl method, 10 cc. for the amount of amino nitrogen by Van Slyke’s 
method and 20 cc. were treated with 10 cc. of 40 per cent formaldehyde 
solution and titrated to a distinct pink color with 7 sodium hydroxide 
solution. We found that in every case an excellent end point was obtained, 
duplicate analyses agreeing within 0.2 per cent. Finally, 10 cc. of the 
filtrate from the digested fish were completely hydrolyzed by prolonged 
digestion on the water bath with 40 cc. of concentrated hydrochloric acid. 
This solution was evaporated to dryness, made up to 50 cc. with water, 
10 cc. tested for amino nitrogen by Van Slyke’s method and 20 cc. analyzed 
for amino-acids by Sérensen’s method. 

All the results obtained as above were corrected for amino nitrogen before 
and after complete hydrolysis, for total soluble nitrogen and for amino- 
acids as determined by titration with caustic soda, by carrying through 
the same experiments with the trypsin and alkali but with no protein. 
Correction was also made for the alkali required to neutralize the formal- 
dehyde solution. 

TABLE I. 


Total and amino nitrogen in solutions of Cynoscion regalis. 
Hydrolyzed by trypsin. 


SOLUBLE N 
TOTAL N 
AMINO N 

SOLUBLE N 
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In table I are presented the results obtained by applying Van 
Slyke’s method to the tryptic proteolysis of squeteague. The 
average size of the peptides was calculated by dividing the amount 
of amino nitrogen present after complete hydrolysis with hydro- 
chloric acid by that in the solution before such hydrolysis. The 
last two columns of data show the increase with time of the 
proportion of soluble to insoluble nitrogen and of amino to total 
soluble nitrogen respectively. 

The average results of duplicate analyses are given. 


TABLE II. 


Analysis by Sérensen’s method of solutions of Cynoscion regalis. 
Hydrolyzed by trypsin. 





m : a 

| - em P za 
z = E i 8 os 
ee ee 5 ats Pe < ERE 
ae a zee 68 Za <3/8 
| ee EZ aE af 2 & x 
0 24.85 125.0 | 5.02 0.035 20.52 
4 182.8 536.8 2.94 0.257 23 .02 
1 213.8 598.0 | 2.80 0.300 25 .87 
2 232.9 0.327 27 .87 
5 293 .5 776.0 | 2.64 0.412 30.28 
8 


314.8 787.1 2.50 0.442 + 30.87 


In table II are given the average results of the analysis of the 
proteolyzed solutions according to Sérensen’s method. In column 
2 the figures represent cubic centimeters of 7 sodium hydroxide 
solution required for neutralization after addition of formaldehyde 
solution. Column 3 is the same for the solutions after complete 
hydrolysis with hydrochloric acid. The next column gives the 
ratio of the latter to the former. In column 5 are given figures 
for amino nitrogen calculated from the data in column 2, while 
in the last column the values of the calculated amino nitrogen 
are expressed as percentages of the total soluble nitrogen. 

From table I it is seen from the ratio of the soluble to total 
nitrogen that the fish meat goes very rapidly into solution, 74.32 
per cent of the nitrogen being in solution at the end of one-half 
hour’s digestion. Solution, however, is not complete in eight hours’ 
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time, a fact which is apparently not in harmony with the results 
of White and Crozier, who found with the proteins they studied 
that all the nitrogen was in the soluble form in from four to eight 
hours. The trypsin used, a commercial sample, was of the same 
activity in both series of experiments. These latter experiments 
were carried on in a medium made alkaline with sodium carbonate, 
while the experiments described in this article required sodium 
hydroxide for reasons already stated. Schierbeck® has proved that 
the action of trypsin in digesting proteins is accelerated by the 
presence of carbon dioxide in solutions which are slightly alkaline, 
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Fig. 1. Abscissae—Time in hours. Fig. 2. Abscissae—Time in hours. 
Ordinates—100 X Soluble Nitrogen. Ordinates—100 X Amine Nitrogen 
Total Nitrogen Soluble Nitrogen’ 
I By Sérensen’s method. 
II By Van Slyke’s method. 











and it is very probably at least due partly to this fact that the 
above differences are found. The variation of the proportion of 
soluble to total nitrogen with increase of time is shown graphically 
in figure 1. Extrapolation of the curve would indicate that the 
squeteague would be completely dissolved in about fourteen hours. 

White and Crozier have shown that their artificial digestion 
experiments gave results agreeing closely with those obtained from 


4 Loc. cit. 
5 Skand. Arch. f. Physiol., iii, p. 344, 1892. 
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metabolism work with dogs, rates of digestion of different proteins 
being in the same relation to each other. Van Slyke and White,® 
in a study of the relation between the digestion and retention of 
ingested proteins, found that squeteague is digested more slowly 
than either beef or cod. From the above facts, it is fair to conclude 
that the tardy solution of the squeteague by trypsin, shown by 
our data, is not alone due to the absence of carbon dioxide, but 
is a consequence of the inherent nature of the protein itself. 

The amino nitrogen in solution increases of course with length 
of time. The average size of the peptides split off from the protein 
should be especiallynoted. From these data and the experiments 
of White and Crozier it is evident that the proteins studied break 
down into simple cleavage products practically as soon as they 
go into solution. At the end of one-half hour’s digestion the aver- 
age size of the peptides is only 2.02—the cleavage products on the 
whole are indicated to be amino-acids. The cleavage of certain 
proteins by trypsin has been intimately studied, and it is known 
that some amino-acids are readily formed while ,others are pro- 
duced very slowly or not at all. The above results, however, 
show that the greater portion of the amino nitrogen in solution 
exists in bodies of exceedingly simple character. The significance 
of this, physiologically, cannot be pointed out here but will be 
reserved for future discussion. 

The relation of the amino to the total soluble nitrogen is shown 
in figure 2. After eight hours’ digestion only 28.35 per cent of 
the nitrogen is in the amino form. This is a confirmation of earlier 
work which, as just mentioned, has shown that there are certain 
substances which resist the hydrolytic action of trypsin altogether. 
The increase in the proportion of amino nitrogen during the eight 
hours’ digestion is seen to be very slight, and we must conclude 
therefore that cleavage of the meat, while yielding amino bodies 
of a simple nature, leaves the greater part of the soluble nitrogen 
combined in substances which are extremely stable. 

The same conclusions may be drawn from the results of our 
experiments involving Sérensen’s method. In figure 2 the curves 
are of the same slope, although of course only approximate figures 
are expected on assuming the presence of one amino group for 


6 This Journal, ix, p. 226, 1911. 
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each carboxyl group indicated by the sodium hydroxide required. 
The amino nitrogen thus estimated is regularly greater than that 
directly determined by the nitrous acid method, and the peptides 
as computed are about 1.5 times as large. It is possible that in 
such calculations, this effect is produced by the presence of such 
monamino-dicarboxylic compounds as glutamic acid. The dis- 
crepancy in the results is not of such a*magnitude as to prevent 
deducing rigid conclusions concerning the rate and general course 
of digestion of such proteins as the one under investigation. 


SUMMARY. 


1. Sdérensen’s method for the determination of amino-acids was 
applied to a study of the tryptic digestion of Cynoscion regalis. 
The results were found to be regular and in accord with those 
obtained by the nitrous acid method of analysis for amino nitrogen. 

2. The relatively low rate at which the protein is made soluble 
agrees with the results of metabolism experiments. 

3. Very low cleavage products are formed as soon as the protein 
goes into solution, the average size of the peptides being 2.02 after 
one-half hour’s digestion. 


4. There is a very stable nitrogen complex which is not attacked 
by trypsin. 











STUDIES ON THE FORMATION OF GLYCOCOLL IN 
THE BODY. II. 


By ALBERT A. EPSTEIN anp SAMUEL BOOKMAN. 


(From the Laboratory of Physiological Chemistry, Pathological Department, 
Mount Sinai Hospital, New York City.) 


(Received for publication, September 6, 1912.) 


Benzoic acid, circulating in the fluids of the body, combines 
with glycocoll and removes this intermediary product of protein 
metabolism from further decomposition. The extent to which 
the elimination of glycocoll can thus occur, depends upon the 
glycocoll which is available, the amount of benzoic acid present 
and the rapidity with which the hippuric acid synthesis takes 
place. There is no reason to believe that a reserve of free or 
preformed glycocoll, sufficient to account for the quantities of 
hippuric acid eliminated in the urine, exists in the body. The 
apparent independence of the process of glycocoll formation from 
the general nitrogenous metabolism in the body under certain 
conditions (such as pure carbohydrate feeding), which we have 
demonstrated in our previous investigation,! points strongly to 
the conclusion that most of the glycocoll obtained as hippuric 
acid is the result of a synthetic production of the substance in 
the body. 

The attempts made by a number of investigators to cause the 
synthesis of glycocoll in the body from simpler substances have 
thus far failed. On the other hand, in the absence of such evi- 
dence, the facts at our disposal also justify the belief that glyco- 
coll can arise from the higher amino-acids. Magnus-Levy? regards 
leucine as being capable of conversion into glycocoll. 

He concludes by computation on a theoretical basis that most 
of the glycocoll obtained in benzoic acid experiments can arise 


1 Epstein and Bookman: this Journal, x, p. 353, 1911. 
? Magnus-Levy: Miinch. med. Wochenschr., lii, p. 2168, 1905. 
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from the leucine radical of protein. Free leucine however does 
not yield glycocoll.* It is only when given as a benzoyl com- 
pound that it appears to be entirely converted into glycocoll. 
This deduction is based principally upon two facts, namely, that 
practically no benzoyl leucine appears, as such, in the urine after 
administration of large amounts of the substance and that other 
benzoylized amino-acids do not lead to the production of hippuric 
acid.4 

If we accept these facts then we must at once conclude that 
leucine as such does not appear as an intermediary substance in 
the course of glycocoll production; and that the leucine-bearing 
portion in protein undergoes a different form of decomposition 
in the presence of benzoic acid than that which leads to the liber- 
ation of leucine itself. This gains support from the facts elicited 
in our previous study that in the course of the production of glyco- 
coll, following the administration of benzoic acid, there does not 
occur any massive decomposition of protein comparable with 
that which accompanies phosphorus poisoning and the consequent 
liberation of leucine and other amino-acids. 

In brief, if the leucine radical is capable of yielding glycocoll in 
response to benzoic acid, it must be by seme process which does 
not affect the other protein radicals to any appreciable extent. 
Under the conditions of experimentation recorded by Magnus- 
Levy, it seems possible that the increased glycocoll output as 
hippuric acid,®> following the administration of benzoyl leucine, 
is not the result of a direct conversion of leucine into glycocoll. 
Benzoic acid does not couple leucine in the body. The leucine 
however is decomposed. The effect of a primary benzoylization 
in vitro upon leucine may therefore. be such as to render it sub- 
ject to complete decomposition in the body into substances which 
are ultimately synthesized into glycocoll. The final product (gly- 
cocoll) must then be regarded as the result not only of a cleavage 
process but of a synthesis as well. On the other hand, it is also 
conceivable that the leucine of the benzoyl compound undergoes 
complete decomposition without taking part in the production 


. 3 Magnus-Levy: loc. cit.; Cohn: Archiv f. exp. Path. u. Pharm., x\viii, 
p. 177, 1902. 

4 Magnus-Levy: loc. cit. 

5 Magnus-Levy: loc. cit. 
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of glycocoll; and the benzoyl! radical which is set free is coupled 
with glycocoll furnished by the body in much the same manner 
as benzoic acid. 

It was with the object of inquiring into this particular ques- 
tion that the present investigation was made. To determine 
this, three sets of experiments were performed. In the first of 
these, various amounts of benzoic acid were administered to rab- 
bits; after the maximum output of hippuric acid was established, 
leucine was given subcutaneously and the effect upon the pro- 
duction of hippuric acid was studied. 


Condensed Table 1. Daily average for each period. 





URINE 
PERIOD a LEUCINE N 
Total N mages se Extra N 
grams | gram gram gram per cent gram 
I "ie eS 0.428 0.018 44 
I] | 2.087 0 0.705 0.135 19 0.142 
Ill 2.087 | 0.100 0.784 0.118 15 0.238 


IV 0 | 0 0.524 0) .020 4— | 0.076 


The results obtained in these experiments are in accord with 
those of Magnus-Levy® and of Cohn.’ Leucine evidently does 
not increase the glycocoll output. It appears that the amount 
of hippuric acid eliminated in the leucine period (III, table 1) 
is considerably less than that in the control period (II, table 1). 
The leucine nitrogen appears as extra nitrogen, but not as leucine: 
free leucine could not be detected in the urine. 

In the second set of experiments, rabbits were given definite 
amounts of benzoic acid and the maximum hippuric acid output 
was established; then the dose of benzoic acid was increased and 
the effect of this increase upon the total hippuric acid output 
noted. Subsequently the animals were given the original quan- 
tity of benzoic acid and, in addition, benzoyl-leucine was given 
in such amounts that the benzoyl radical was the molecular equi- 
valent of the extra dose of benzoic acid. 


6 Loc. cit. 
7 Loc. cit. 
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Condensed Table 2. Daily average for each period. 





URINE 
BENZOIC 
ACID 





BENZOYL-LEUCINE 
Total N | ae sas ae Extra N 








gram per cent gram 
0.012 2.5 
0.108 13 0.160 
0.198 19 0.176 


| 
| 
II | | 
| 0.114 13. | 0.213 
| 


| 
eed | 
III | 3. | | 
IV | 
V | 2. | 0.519+ 0.688 
VI | 2. | 





0. 234 27 0.084 
0.189 13. | 0.705 











On comparing the benzoyl-leucine periods with their corre- 
sponding control periods in these experiments we find that a much 
greater output of hippuric nitrogen occurs in the benzoyl-leucine 
periods. This increment is much greater than the leucine radical 
of the benzoyl compound could possibly furnish. 

In the first set (table 2) the hippuric nitrogen of the first ben- 
zoic period (II, in which the animal received 2.5 grams of benzoic 
acid daily) amounts to about 13 per cent of the total nitrogen. 
In the second benzoic period (III, when the dose is increased to 
3.125 grams daily) the hippuric nitrogen eliminated comprises 
19 per cent of the total nitrogen. In other words, the additional 
0.625 gram of benzoic acid caused an increase in the hippuric 
nitrogen output amounting to 6 per cent of the total nitrogen. 
Upon returning to the original dose of benzoic acid (2.5 grams 
daily) in the third period, the hippuric nitrogen output is again 
13 per cent of the total. In the following period (V, table 2), 
when benzoyl-leucine is given in place of the extra 0.625 gram 
of benzoic acid, the hippuric nitrogen rises to 27 per cent of the 
total. If we allow 19 per cent of this for the benzoic acid equiva- 
lent, then there is a balance of 8 per cent nitrogen to the credit 
of the leucine. This is almost the exact equivalent of nitrogen 
furnished by the leucine (0.094 gram). 

Although the results of the second set of benzoyl-leucine experi- 
ments differ from the first in a number of details, they point never- 
theless to the same conclusion. In the first benzoic period (II, 
table 3) the hippuric nitrogen constitutes 18 per cent of the total 
eliminated in the urine. An additional 0.5 gram of benzoic acid 
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daily does not seem to cause any greater output of hippuric 
nitrogen—which in the third period (III, table 3) comprises 16 per 
cent of the total nitrogen. Upon returning to the original dose 
of benzoic acid (IV, table 3) the hippuric nitrogen remains at 
the same level, 16 per cent of the total. But when, in addition 
to the benzoic acid, the benzoyl-leucine is given in such amounts 
that the benzoyl radical is equivalent to 0.5 gram of benzoic 
acid, the hippuric nitrogen rises and comprises 37 per cent of the 
total urinary nitrogen. In other words, an increase of 21 per 
cent is noted in this period (V, table 3) over the corresponding 
control period (III, table 3). Of this amount the leucine could 
furnish nearly 11 per cent or half of the extra hippuric nitrogen. 


Condensed Table 8. Daily average for each period. 


——__—__—_— —_—_.—— —___—_—__ ——__—_—_— —_—__—— 





URINE 
BENZOIC 











PERIOD | ACID | BENZOYL-LEUCINE oe ee ee . 
| Total N ee ee Extra N 
} —— ae | a ee ae ‘ ohen 
grams | gram | gram gram gram _ per cent gram 
Pe ae 0.565 | 0.017 3 
H | a8) 0.588 | 0.104 18 
II | 2.5 | 0.604 0.09% | 16 
IV | 2.0 0.625 | 0.099 16 
V | 2.0 | 0.415+ 0.550 | 0.640 | 0.240 37 
7 1° 28 0.7388 | 0.125 | 17 0.048 
VII | 0 | 0.544 | 0.016 | 3 











On the basis of the preceding experiment (table 2) the other 
half of the extra hippuric nitrogen eliminated is probably due to 
the independent action of the benzoyl radical. These resuiis there- 
fore indicate that benzoyl-leucine possesses a double efficiency in 
the production of hippuric acid: first by the conversion of leucine 
into glycocoll and secondly by the independent action of the 
benzoyl radical in coupling up available glycocoll. 

In view of the fact that free leucine does not yield glycocoll, 
whereas benzoylized leucine evidently does, it seems probable 
that the leucine does not occur as an intermediary body in the 
normal metabolism. In the third series of experiments an attempt 
is made to ascertain whether, under conditions in which leucine 
occurs in the native state as an intermediary product of metabo- 
lism, the formation of glycocoll is influenced in any way. 





2s panies = 2 


ee ee 


5 epi ae tl 
" CEPI en 


ee 


I oer geal 
ag ce 











122 Formation of Glycocoll in the Body 


With a view to this end, a study of the production of hippu- 
ric acid in animals poisoned with phosphorus was made. 


Condensed Table 4. Daily average for each period. Control. 


. 
| PHOS- URINE 
BENZOIC PHORUS 
ACID OIL, 


PERIOD ; : a 
\lpercent Total N ~—- —- | Extra N 


ce. gram gram pane | : pron 
I 0 0.709 0.012 | 0.030 | 
Il | 0.9 | 0.837 0.016 0.029 | 0.127 


Without the administration of benzoic acid, poisoning with 
phosphorus does not increase the hippuric acid output. Traces 
of leucine however are found in the urine. 


Condensed Table 5. Daily average for each period. 


PHOS- | URINE 
BENZOIC PHORUS | 
ACID OIL, 


PERIOD 
1 PERCENT! Total N 


ag Aenea Extra N 


+ 





grams ce. gram | gram gram | gram 
0 0 | 0.509 | 0.022; Oo | 

2.087 0 0.754 | 0.092 | 0.027 | 0.245 
2.087 | 0.6 | 0.882 | 0.092 | 0.030 | 0.373 
2.087 | 1.2 1.292 | 0.096 | 0.030 | 0.783 


| 


Condensed Table 6. Daily average for each period. 


| PHOS- URINE 
PHORUS | __ 


OIL, | Ae gheernes Esa ay 
1 PERCENT, Total N gee oe | Extra N 


BENZOIC | 
PERIOD ACID | 


grams . | gram } pa 

I i | 0.815 | 0.035 

I | 2.5 0.999 | 0.151 | 0.030 | 0.184 

III ee 1.038 | 0.113 | 0.036 | 0.223 
| 








Phosphorus poisoning in a feeding animal, receiving benzoic 
acid, causes no change in the amount of hippuric acid (and hence 
glycocoll) eliminated, although it causes a very striking increase 
in the total nitrogenous metabolism. Leucine could not be de- 
tected in the urine. This result is constant, as repeated experi- 
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ments show (tables 5 and 6). The hippuric acid output in the 
poisoned animal can fall below that of the control period, whereas 
the total urinary nitrogen may rise very high (table 6). 

The result is somewhat different when a similar experiment 
is performed on a fasting animal. 


Condensed Table 7. Daily average for each period. 


PHOS- | URINE 


PERIOD STATUS | BENZOIC | PHORUS “ee 
ae lteune CENT Total N — Extra N 
; 

| grams | ce. | grams gram gram 

I Feeding 0 0 |e0.681 | 0.013 | 
II Feeding} 2.0 0 | 0.984 | 0.083 | 0.233 
II ‘Fasting | 2.0 0 | 1.103 0.072 | 0.462 
IV Feeding! 2.0 0 | 0.880 0.118 | 0.094 
V Fasting; 2.0 | 0.9 | 1.422 0.123 | 0.631 





The influence of the three factors, namely, fasting, benzoic 
acid and phosphorus (singly and collectively), upon the course 
of protein metabolism and glycocoll formation, is clearly illus- 
trated in this experiment (table 7). In the fasting period the 
production of hippuric acid caused by the benzoic acid is less than 
in the normal control period, although the total nitrogen out- 
put is high. Upon returning to normal feeding the total nitro- 
gen drops below and the hippuric nitrogen rises considerably 
above the preceding period. With the development of phos- 
phorus poisoning (in a fasting animal, receiving benzoic acid) 
and its attendant massive protein decomposition, there occurs 
an even greater output of urinary nitrogen than in any of the 
preceding periods; and the hippuric nitrogen also rises above the 
control fasting period. The urine shows the presence of traces 
of leucine. 

The increased elimination of hippuric acid, observed in the 
experiment just described, must be attributed to the excessive 
breakdown of protein, additional glycocoll probably being derived 
from that source. The very large amount of extra nitrogen elim- 
inated is an evidence of this. The absence of any very appreci- 
able amount of leucine may be interpreted in one of two ways: 

iz., that the leucine leads to the production of glycocoll on the 
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one hand, or, that it leads to the formation of nitrogenous bodies 
other than glycocoll. From the evidence furnished by these 
experiments it cannot be said, however, that native leucine plays 
a direct réle in the production of glycocoll in the body. 


SUMMARY. 


Free leucine does not yield glycocoll although it undergoes 
decomposition in the body. 

When benzoyl-leucine is given, in addition to a definite dose 
of benzoic acid, the output of hippuric acid is much greater than 
the leucine, alone, allows. It seems that the increase in the total 
glycocoll eliminated is partly due to the leucine and partly to the 
independent action of the benzoyl radical. 

Phosphorus poisoning in a normal animal cause8 no increased 
production of glycocoll or hippuric acid. Phosphorus poisoning 
in an animal receiving benzoic acid also fails to increase the hip- 
puric acid output. The fasting animal, when treated with ben- 
zoic acid and then poisoned with phosphorus, eliminates more 
glycocoll than the non-fasting animal, but the increase must be 
attributed to a greater amount of the substance being available 
for synthesis with benzoic acid as a result of a massive decomposi- 
tion of protein. ; 

In conclusion it may be said that the experiments here recorded 
do not afford any definite evidence of the conversion of native 
leucine into glycocoll. In the absence of such evidence it appears 
likely that much of the glycocoll liberated upon feeding benzoic 
acid is the result of a synthetic process in the body. 

_ The detailed results of the foregoing experiments are given in 
the accompanying tables. 


TABLEH1. 
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COMPARATIVE EFFICIENCY FOR GROWTH OF THE 
TOTAL NITROGEN FROM ALFALFA HAY 
AND CORN GRAIN.! 


By E. B. HART, G. C. HUMPHREY anp F. B. MORRISON.? 


(From the Departments of Agricultural Chemistry and Animal Husbandry of 
the University of Wisconsin.) 


(Received for publication, September 10, 1912.) 


It is well known that alfalfa hay, as well as other hays and root 
crops, contains a considerable part of its nitrogen in non-protein 
form. In alfalfa hay this may amount to 25 per cent of the total 
nitrogen, as determined by Stutzer’s reagent or the tannic acid 
method. Just what the nature of this nitrogen is has not been 
determined, but it is usually assumed to be a mixture of acid-amides 
and amino-acids and is generally described under the term 
“amides.” Attempts in this laboratory to isolate individual 
amino-acids from the water extract of alfalfa hay have failed, but 
further study of this extract, with the use of the Van Slyke nitrous 
acid method, shows the presence of free amino groups; but by no 
means is all of the “amide nitrogen” in the form of simple amides 
or amino-acids. A large proportion is still more complex than 
these and yet non-precipitable by such reagents as basic lead 
acetate, tannic acid, etc. (The results of a detailed chemical study 
in this laboratory of the water extract of alfalfa hay will be pub- 
lished shortly.) 

There is a difference of opinion as to the real worth of “amide 
nitrogen” for either maintenance, growth or milk production. 
Armsby’ in his latest tables of feeding standards, excludes it entirely 


1 Published by permission of the Director of the Agricultural Experi- 


ment Station. 
2 Credit is due Mr. P. H. Wessels for part of the analytical work reported 


in this investigation. 
’ Farmers Bulletin 346, U. S. Department of Agriculture. 
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134 Efficiency of ‘‘Amide Nitrogen”’ for Growth 


from his calculations of the available nitrogen. On the other 
hand, Henry‘ and Jordan, at least in their tables of the composi- 
tion of feeds, give it full value. Nor has scientific inquiry as to 
its worth been wanting. The whole question is to some extent 
bound up with the question of the nature and extent of protein 
hydrolysis in animal digestion. It appears from the work of 
Cohnheim,* Kutscher and Seemann’ and Abderhalden, Baumann 
and London® that digestion proceeds to the formation of abiuret 
products in the form of polypeptides and the comparatively simple 
monoamino- and diamino-acids. Feeding experiments with pre- 
digested protein have also thrown light on this question. Loewy? 
showed that protein, digested until the biuret reaction was absent, 
was capable not only of maintaining life, but of maintaining nitro- 
gen equilibrium and even of leading to nitrogen retention. Hender- 
son and Dean!® used the products of acid hydrolysis of proteins. 
They also record nitrogen retention. Others, as Henriques and 
Hanson," were unable to get as good results with the products 
of acid hydrolysis as when the hydrolysis was carried on by either 
pepsin or trypsin, although they showed that the products from acid 
digestion were excellent protein sparers. Numerous experiments 
in this direction have been carried on by Abderhalden and his 
pupils.“ He has worked with both mice and dogs. His earlier 
experiments tended to show that a protein digested with an enzyme 
until the biuret reaction was absent could take the place of protein 
in the diet, but that the acid hydrolytic products could not. Later 
Abderhalden"® brought forth evidence to show that nitrogen equi- 
librium could be maintained and a retention occur when the 
products of acid hydrolysis alone were used. With an artificial 
mixture of amino-acids he was also able to secure nitrogen equilib- 


4 Feeds and Feeding. 

5 The Feeding of Animals. 

6 Zeitschr. f. physiol. Chem., xlix, p. 64, 1906. 
' TJbid., xxxiv, p. 527, 1901. 
- 8 Tbid., li, p. 384, 1907. 

® Arch. f. exp. Path. u. Pharm., xlviii, p. 303, 1902. 
- 10 Amer. Journ. of Physiol., ix, p. 386, 1903. 

11 Zeitschr. f. physiol. Chem., xlix, p. 113, 1906. 

12 Thid., xlii, p. 528, 1904. 

13 Tbid., \xxvii, p. 23, 1912. 
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rium" and effect a partial nitrogen retention. Abderhalden” has 
even furnished experimental evidence, although not very convine- 
ing, that with a diet rich in carbohydrates and fat, he was able to 
secure nitrogen retention when the sole source of nitrogen in the 
diet was an ammonium salt. This work was done with dogs. 

From the above experimental work it is apparent that the simple 
amino-acids have direct nutritive value and very probably repre- 
sent a large proportion of the normal end products of protein 
digestion. The work of Bergmann,!* Howell’? and Folin and 
Denis!® would indicate that they are absorbed into the blood and 
used directly for cell repair and protein synthesis. 

The fact that our hays and root crops may contain a certain 
proportion of nitrogen in true amide form, as in asparagine or glu- 
tamine, raises the question of the nutritive value of their nitrogen. 
The part of it which is in the a-amino-position must possess that 
value which can be assigned to amino-acid nitrogen. As early 
as 1894, Weiske!® showed that for herbivora asparagine was a 
very effective protein sparer. Zuntz* had suggested that the 
“amide nitrogen’’ is built into protein by the aid of intestinal bac- 
teria before it becomes utilizable by these animals. This view was 
also shared by Miiller,“» who has shown that the intestinal bacteria 
could form protein from asparagine and also from ammonium 
tartrate. Schulze” was also of the opinion that this is the way 
in which the amides are useful to herbivora. On the other hand 
Morgen,”* working with sheep, has shown that there was not a 
building of indigestible protein by the intestinal bacteria when 
ammonium acetate and asparagine were fed. This view does not 
prove or disprove the possibility of the formation of bacterial 
proteins as intermediary bodies in the utilization of ammonium 


14 Zeitschr. f. physiol. Chem., \xxvii, p. 23, 1912. 

18 Thid., Ixxviii, p. 1, 1912. 

16 Beitr. z. chem. Physiol. u. Path., vi, p. 40, 1905. 
17 Amer. Journ. of Physiol., xvii, p. 273, 1906. 

18 This Journal, xi, p. 87, 1912. 

1%Zeitschr. f. Biol., xxx, p. 254, 1894. 

20 Arch. f. d. ges. Physiol., xlix, p. 477, 1891. 

21 Tbid., exii, p. 245, 1906. 

22 Zeitschr. f. physiol. Chem., lvii, p. 67, 1908. 

23 Landw. Versuchsstat., lxxiii, p. 283, 1912. 
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salts and asparagine by herbivora. Morgen and his associates 
have shown further that the non-protein nitrogen, as in ammonium 
salts or asparagine, besides being capable of supporting mainte- 
nance, could also contribute to the production of milk proteins. 
Kellner, experimenting with lambs, concluded that asparagine 
and ammonium salts were capable of aiding in the maintenance 
of nitrogen equilibrium, but were incapable of conversion into 
body protein. 

The evidence from the literature cited above appears to show 
that with herbivora the “amides,” or non-protein nitrogen, can 
serve to maintain the protein tissues of the body and there is 
certain evidence that they can also support milk production. Evi- 
dence is lacking that growth can be produced. 

With rats Politis® was unable to secure any evidence of protein 
sparing by asparagine when the latter was the sole source of nitro- 
gen. The same result was obtained by Henriques and Hanson™ 
but, when the latter used the expressed juice of etiolated beans 
or peas, they found that a sparing action was partly effected. 
The “amide nitrogen” from potatoes or roots was ineffective as 
a protein sparer when fed to rats. Luthje?’ showed the same thing 
to be true with rabbits when the sole source of nitrogen was the 
protein-free ‘‘amide’’ material obtained from fresh potatoes. 
Voltz?* concluded that herbivora can make use of “amide nitro- 
gen” and the nitrogen in ammonium salts and he has lately” 
reached the same conclusion for carnivora. 

Evidently the kind of animal is an important matter in deter- 
mining how effective these simple nitrogenous substances may be 
for both maintenance and growth but this is probably more a 
matter of individual temperament and influence on appetite than 
of an actual difference in the nutrition processes under normal 
conditions. In the literature the idea prevails that herbivora 
can apparently make more efficient use of these simple nitrog- 


4 Arch. f. d. ges. Physiol., cxiii, p. 480, 1906; Zeitschr. f. Biol., xxxix, p. 
313, 1900. 

2% Zeitschr. f. Biol., xxviii, p. 492, 1891. 

26 Zeitschr. f. physiol. Chem., liv, p. 169, 1907. 

27 Arch. f. d. ges. Physiol., exiii, p. 547, 1906. 
28 Tbid., cxvii, p. 541, 1907. 
29 Zeitschr. f. physiol. Chem., |xxix, p. 415, 1912. 
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enous substances than the omnivora or carnivora. Yet Abder- 
halden claims to have caused nitrogen retention in a dog with an 
artificial mixture of amino-acids and even with ammonium salts. 
One trouble in the feeding of concentrated plant extracts is that 
they usually lead to intestinal derangement and diarrhea follows. 
This may be expected from the large salt content of such concen- 
trates. 


Plan of experiment. 


The plan of our experiment was to secure experimental data 
on the rate of nitrogen retention by growing heifers when the 
source of the nitrogen in the ration was mainly either the corn 
grain or the whole alfalfa plant. The corn kernel contains only 
traces of ‘‘amide nitrogen” and would serve as an excellent check 
on the alfalfa periods. The corn ration consisted of corn meal, 
giuten feed and corn stover. The gluten feed was added for the 
purpose of bringing the nitrogen content of the ration up to a 
good growing level. It is necessary with this class of animals to 
use some roughage and, as the corn stover introduced very little 
available nitrogen and at the same time would maintain an alka- 
line urine, it was used. The alfalfa ration consisted mainly of 
alfalfa hay and corn starch. Part of the alfalfa was ground in 
order that the bulk of the material might be reduced and at the 
same time a small amount of corn stover was introduced. It was 
believed that the corn stover would help consumption, but later 
experiments have shown that this is unnecessary. The starch 
was used for the purpose of making the net available energy of 
the two rations closely comparable. It was believed that, should 
the rate of nitrogen retention on the two rations through a long 
period of observation be approximately alike, we would have 
substantial evidence that the ‘‘amide nitrogen” was being used 
for growth. We would certainly have evidence whether the total 
nitrogen from one source and in the proportion used was as efficient 
for growth as from the other source. And for us this is an impor- 
tant point. 

Two animals were used in the experiment, one receiving the 
corn ration while the other received the alfalfa ration. After six 
or eight weeks’ observation, the rations were changed and the 
animal originally receiving the corn ration went to the alfalfa 
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ration and vice versa. This would obviate any differences in indi- 
vidual powers of growth or capacity for utilization, which is an 
important factor in such experiments. 

A record of income and outgo of nitrogen was quantitatively 
kept, the feces, urine, etc., being quantitatively collected, sampled 
and analyzed. With the ration, salt and water were fed ad libitum. 
Each animal was fed such portions of the ration as would be en- 
tirely consumed. At a definite time of the day, weekly weighings 
of the animals were made. 


Experiment in 1910-1911. 


Two young growing heifers, of approximately 400 to 500 pounds 
weight, were chosen. They were grade Holsteins, number 1 weigh- 
ing 505 pounds and number 2, 440 pounds. The rations fed are 
shown in table I. These figures are taken from Henry’s Feeds 
and Feeding and Armsby’s Tables for Production Therms. This 
table simply shows the proportion in which the materials in an 
air dried condition were mixed and the approximate likeness of 
the two rations in production therms, nutritive ratio and digestible 
protein. This last figure is, of course, based on the total nitrogen 
and includes the ‘‘amide nitrogen.” The table also includes in 
the last column the actual grams of nitrogen contained in such 
weights of the feed as are indicated in column 2. 

It should be noted that the nutritive ratio of the alfalfa ration 
was 1:9. If the “amide nitrogen” is not included, but only true 
protein made the basis of the calculation, then the nutritive ratio 
becomes 1:12.4, a very wide ratio for growth. 

From table I it will be seen that on the basis of average analyses, 
the two rations were very nearly alike in total digestible protein 
and available therms. From actual nitrogen determinations, the 
total nitrogen intake in the two rations was also very closely alike. 
With the consumption of approximately equal quantities of air 
dried material, the intake of total digestible nitrogen, as well as 
total nitrogen, was substantially identical in both rations. We 
had no difficulty in securing a liberal consumption of the rations 
and approximately equal portions by either animal. The daily 
consumption for the entire sixteen weeks varied from 7 to 10 
pounds. 
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TABLE I. 
Composition of materials used. 








BLE NUTRI 
DIGESTI UTRIENTS PRODUC- | NUTRI-| 


POUNDS ———— aa rN Cee he eee ae TIVE TOTAL N 
ar } RATIO 
Protein hydrate Fat 





pounds! pounds pounds grams 


Corn meal....... (0.40) 3.33 0.22 44 | 32.46 
Gluten feed | 0. 0.97 0.17 | 1:8.2 39.04 
Corn stover ; 2.26 0.05 : 34.95 


6.56 0.44 106.45 


Corn stover 0. 0.97 0.02 ; 14.98 
Alfalfa hay (0.88; 3.16 0.09 ; 199.0 56.97 
Alfalfa meal | | $4.21 
Starch | .4.2,0.00! 4.00 | 0.00 4.20 | 1.52 





ee _ 
| 15.2 0.93 8.13 | 


| 0.11 


7.74 107 .68 


In alb, sixteen weeks of actual observation are involved in this 
first experiment, 1910-1911. - Before the records were begun there 
was a preliminary period of tendays’ feeding. In period I, of eight 
weeks, animal | received the corn ration and animal 2 the alfalfa 
ration. At the end of that period the rations were changed. This 
was done slowly and by substituting a pound of one ration for a 
pound of the other, consuming in all eight days for the transfer. 
In period II, animal 1 received the alfalfa ration, while animal 2 
received the corn ration. In tables II and III are included the 
records of this first experiment. The data are condensed from 
daily records to weekly composites and represent in grams the 
nitrogen consumed per week and the nitrogen excreted and re- 
tained. In addition are columns showing the pounds of feed 
consumed and a record of the gain in live weight. 

Animal 1 stored 451.7 grams of nitrogen during the corn period or 
13.4 per cent of the total intake and 754.2 grams on the alfalfa 
ration or 20.4 per cent of the total intake. It will be noted that 
there is considerablé oscillation in the weekly records of the 
amounts of nitrogen retained. This is illustrated in charts I and 
II, which are graphic records of nitrogen retention and nitrogen 
consumption. It is very doubtful if this means a variation in 
the rates of cell growth and nitrogen storage but, rather, a differ- 
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TABLE II. 


Record of balance of income, outgo and retention of nitrogen, feed consumed 
and gain in live weight. 


Animal 1. Period 1. Corn ration. 


DATE oes | N | N | N | N | wasua 
1910-1911 | INTAKE IN FECES | IN URINE | RETAINED | (INITIAL, 
, 505 LBs.) 
grams grams | grams | grams | pounds 
425.8 182.4 | 186.9 | 55.5 | 513 
418.2 | 199.2 | 200.0 | 19.0 | 621 
380.9 168.6 | 178.5 | 33.8 493 
430.7 175.3 | 173.0 | 82.4 | 509 
425.8 190.9 | 161.7 73.2 520 
409.9* 185.4 | 163.1 | 61.4 | 
431.2 222.7 | 169.0 | 39.5 | 
431.2 | 204.9 | 139.4 | 9 
| | 451.7 


Period II. Alfalfa ration. 


v2) 
<j 


. 410 | 427.4 | 187.6 | 152.4 
1-17 427.4 | 184.0 | 186.7 
18-24 | 454.6 | 187.8 | 148.4 
2-3 | 10 | 474.6 | 208.8 | 164.2 

4-10 10 474.6 218.6 155.8 
11-17 10 474.6 214.9 | 144.1 
18-24 | 10 | 474.6 220.0 | 170.4 
25-31 | 10 474.6 | 217.7°| 155.4 
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— 
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* New corn stover used; 7 pounds contained 24.33 grams of N i ; 


ence in the amounts of nitrogen excreted, as determined by the 
artificial periods of observation prescribed. The efficiency of the 
total alfalfa nitrogen for growth was for animal 1 somewhat greater 
than that of the corn kernel. While we do not care to lay too 
much stress on the positive figures for alfalfa obtained in this 
case, nevertheless, the data show that the total nitrogen from this 
plant was not inferior for growth to that from the corn kernel. 
In the transition period from the corn to the alfalfa ration, there 
was no sudden rise in the nitrogen output, either in the feces or 
urine. The ingestion of a large proportion of “amide nitrogen” 
with the change to the alfalfa ration, should have led to such 
increased excretion had this not been involved in the normal 
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CuartT II, ANIMAL 2. 
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TABLE III. 


Record of balance of income, outgo and retention of nitrogen, feed consumed 
and gain in live weight. 


Animal 2. Period I. Alfalfa ration. 
| LIVE 
—_— N N N N WEIGHT 
1910-1911 INTAKE | IN FECES | IN URINE | RETAINED | (INITIAL, 
_ 440 LBs.) 








grams | grams grams grams | pounds 
Dec. 28 | 375.4 | 167.6 198.0 8 | 445 
915 | 347.1 149.1 | 178.0 0 | 426 
16-22 | | 354.0 132.5 | 186.4 1 | 430 
23-29 | 439.2 | 181.3 | 178.4 5 | 447 

. 30-5 | 446.3 | 211.0 207.9 4 | 452 
6-12 — 430.2* | 206.0 | 163.9 — 3 | 453 
13-19 | 427.5 | 208.9 | 134.9 | 7 | 456 
20-26 | | 427.5 | 197.2 | 177.5 | 8 454 





Animal 2. Period II. Corn ration. 








410 |- 9 431.2 191.3 | 188.5 

11-17 | 9 431.2 | 203.3 | 160.2 

18-24 | 910) 458.6 | 231.6 | 141.1 

2-3 | 10 | 479.2 | 239.6 | 192.8 
| 


! 
| 
} 
| 
| 


410 | 10 | 479.2 | 257.4 | 171.9 
191.7 


= ae 479.2 247.0 
18-24 | 10 479.2 219.1 | 190.3 
25-31 | 10 479.2 | 271.6 | 249.2 
wile 
| | 


* New corn stover used; 7 pounds contained 24.33 grams of N. 











processes of nitrogen utilization and elimination. Of the total 
nitrogen absorbed, animal 1‘ retained during the corn period 24.7 
per cent and during the alfalfa period: 36.9 per cent. 

Animal 2 stored 368.6 grams of nitrogen during the alfalfa period 
or 11.3 per cent of the total intake and 369.4 grams on the corn 
ration or 9.9 per cent. The same oscillation in weekly storage is 
also to be observed with this animal. Apparently animal 2 did 
not possess the same powers of growth as animal 1. In neither 
period was the amount stored as great as in the case of animal 
1. At the end of period II, this animal suffered somewhat from 
diarrhea, a fact which accounts for the negative balance of that 
period. With this animal the amount of nitrogen retention on 
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the two rations was practically alike, indicating again no inferior- 
ity of the alfalfa nitrogen for processes of growth. 

Again in this case there was no sudden decrease of nitrogen in 
the feces or urine as the change from the alfalfa ration to the corn 
ration was made. During the alfalfa period animal 2 stored 20.5 
per cent of the absorbed nitrogen and 18.8 per cent during the 
corn period. 

Attention should be called to the discrepancy in the live weight 
gains as compared with actual nitrogen storage. Animal 1 gained 
in gross live weight during the sixteen weeks some 79 pounds, 
with an actual storage of 1205.9 grams of nitrogen. Animal 2 
gained 80 pounds in live weight during the same period, but actu- 
ally stored but 738 grams of nitrogen or approximately three- 
fifths as much as animal 1. 


Experiment in 1911-1912. 


The plans of experimentation in 1911-1912 were substantially 
those of the previous year. Two young growing heifers of grade 
Holstein breeding and about 300 to 400 pounds in weight were 
again chosen. The rations used were of the same kind of materials 
as in the previous experiment, except that no corn stover was 
introduced into the alfalfa ration. This ration consisted wholly 
of alfalfa and starch. Again a part of the alfalfa hay was reduced 
to meal in our own grinders for the purpose of reducing the bulk. 
The composition of the ration is appended in table IV. 

It will be seen that the rations were very similar in respect to 
total digestible nutrients, therms and nutritive ratio. The total 
nitrogen intake with like weight of air dried mixture was also sub- 
stantially indentical. 

In this experiment there was a preliminary three weeks’ feeding 
period with a low nitrogen ration. This ration consisted of 4 
pounds of wheat straw, 3 pounds of corn starch, 0.2 pound of cane 
sugar and 1 ounce of calcium phosphate. Salt was given freely. 
This preliminary period was to determine, on as low a nitrogen 
intake as practicable with the materials available, what the creati- 
nine output would be and the relation of the creatinine nitrogen 
to the total nitrogen of the urine. McCollum*® has shown, with 


30 Research Bulletin 21, Wisconsin Exp. Sta. 
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TABLE IV. 


Composition of materials used. 
| DIGESTIBLE NUTRIENTS | PRODUC- | 





NUTRITIVE 


BAvIO TOTAL N 





| Carbo- 
Protein hy arbo-| Fat 





pounds | | pounds ‘Pounds | grams 
Corn meal 0.40 | 3.33 | 0.22 | 33.36 
Gluten feed 0.41 | 0.97 | 0.17 | 40.42 
Corn stover 0.12 | 2.26 | | 0.05 | 37 .67 








0.93 | 6.56/0.44) 7.8 | 18.2 ln. 45 


aaa 


3 
Alfalfa hay wee 60.33 
Alfalfa meal 0.99 | 3.51 | 0.10 | 51.33 
Starch 5.00 | | | 1.36 


14 | 0.99 | 8.51 | 0.10. 























8.0 | 1:8.5 | 113.02 








pigs on practically nitrogen-free rations but with the energy require- 
ment satisfied, that the creatinine excretion reaches a maximum 
and is a fairly definite proportion of the total urinary nitrogen. 
This would indicate that it was a constant end product of endog- 
enous metabolism. Further he has shown that with increasing 
nitrogen retention in pigs there is a fairly definite proportional 
increase in the creatinine output. This would indicate that cre- 
atinine would serve as an index of protein storage. It was to learn 
whether such quantitative relationships held for herbivora that 
we instituted this preliminary feeding period. 

Effect of low nitrogen intake on creatinine excretion. In table V 
are given the data for this preliminary three weeks’ period, with 
both animals, on the effect of low nitrogen intake on creatinine 
output. This is expressed in grams and the per cent of creatinine 
nitrogen of the total urinary nitrogen. A week of feeding preceded 
the taking of these records. 

In animal 3 the proportion of the total nitrogen of the urine 
as creatinine nitrogen rose as high as McCollum has reported for 
pigs receiving nitrogen-free rations, and on single days it went as 
high as 25 per cent. With animal 4 the ratio did not rise as high, 
although in the first week it was approximately 20 per cent. After 
the first week it decreased in both cases, possibly due to the losses 
of body protein incident to the low nitrogen ration. The average 
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TABLE V. 


Record of low nitrogen feeding and creatinine output. 
Animal 3. 





CREATININE N 
| DAILY AS AVERAGE 
| AVERAGE PERCENTAGE OF 
ICREATININE TOTAL URI- 
NAaRY N 


| | 

| | 
N 
IN URINE | LOSS 


DATE 
| 








grams | grams grams per cent 
Dec. 12-18 | 43.73 | 64.2 | 3.67 | 22.0 
19-25 . $4.11 | 58.2 | 2.71 | 21.0 
26-Jan. 1, 36.26 | 63.2 | 2.14 15.2 





Animal 4. 





Dec. 12-18 .09 78.97 47.85 
19-25 .09 79.75 51.88 


26-Jan. 1 1.09 | 67.61 33.28 








daily grams of creatinine excreted were also highest in the first 
week in the case of both animals and decreased perceptibly under 
nitrogen starvation. It should be noted that this high ratio of 
creatinine nitrogen to total urinary nitrogen was reached in the 
first week of the record and the second week of feeding. This 
high ratio was reached somewhat earlier than was observed by 
McCollum with pigs on nitrogen-free diets. 

We shall discuss the creatinine rise on our growing ration further 
on in this paper. 

After the preliminary feeding the animals were immediately 
placed on the growing rations of corn and alfalfa. They were 
to receive these rations for six weeks and then be immediately 
changed to the ration of the other. It is very essential that this 
should be done as then any individual differences in powers of 
growth are obviated. 

The records of nitrogen income, outgo and storage, as well as 
columns showing the food consumption and increase in live weight, 
are given in tables VI and VII. Nitrogen records are in grams 
per week and are seven-day composites of the daily record. 

Animal 3 stored during the alfalfa period 592.2 grams of nitro- 
gen or 28.7 per cent of the total intake. During the corn period 
615.6 grams of nitrogen were stored or 24.1 per cent of the total 
nitrogen consumed. During the first week of record on the alfalfa 
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ration 45 per cent of the total nitrogen ingested was stored. This 
very high efficiency is to be attributed to the partial nitrogen 
depletion the animal had suffered during the preliminary period 
of partial nitrogen starvation, but even after the first week there 
was a continued high efficiency of storage, which was maintained 
on both rations for the entire period of record. This is in marked 
contrast to animals 1 and 2 where the storage was not much over 
10 per cent of the total nitrogen ingested. Both animals 3 and 4 
were somewhat younger and lighter in weight than 1 and 2, which 
are additional factors in the rate of growth. 

The data show that the nitrogen in the alfalfa ration under the 
conditions of the experiment is just as efficient for growth as 
that of the corn kernel. Of the nitrogen absorbed from the intes- 
tine during the alfalfa period 48 per cent was retained while during 
the corn period 40 per cent of the absorbed nitrogen remained in 
the body. The sudden change from the alfalfa ration to the corn 


TABLE VI. 


Record of income, outgo, retention of nitrogen, feed consumed and gain in 
live weight. 


Animal 3. PeriodI. Alfalfa ration. 
| | a 

N | WEIGHT 
RETAINED (INITIAL, 
| 348 LBs.) 





N N N 


| FEED | INTAKE  INFECES IN URINE 





grams | grams grams 





| 

| 

pom nds | qreme : pounds 

6-7) 339.0 114.5 71.0 | 153.5 | 347 

6-7| 339.0 143.3 87.0 | 108.7 343 

6-7) 339.0 133.5 111.6 | 93.9 348 
339.0 | 133.7: 119.3 | 86.0 | 352 
363.2 | 155.0 122.4 | 85.6 | 356 
339.0 153.7 120.8 | 64.5 | 358 

| | | 


592.2 — 





| 
' 





Animal 3. Period II. Corn ration. 


. 1319 =| 67| 358.2 | 140.4 | 151.1 | 66.7 


20-26 ia 413.9 | 163.6 118.9 | 131.4 
27-Mar. 4. 7-8 445.7 | 196.0 122.7 | 127.0 
5-11 | 7H 7 | 176.5 | 149.3 | 119.9 
12-18 | 7-8 .7 | 170.4 179.2 | 96.1 
19-25 | 7-8 7 | 188.9 | 187.3 | 74.5_ 

| | 615.6 | 





} 
| 
| 


















E. B. Hart, G. C. Humphrey and F. B. Morrison 147 







ration should have materially decreased the nitrogen in the urine 
if it were true that practically one-fourth of the nitrogen of the 
alfalfa was in useless form and unsuited for building purposes. 
The hypothesis that there is formed in the digestive tract from the 
“amide nitrogen” indigestible bacterial proteins also does not 
receive support from our data. In the two weeks before and 
after the change in ration the nitrogen content of the feces is prac- 
tically identical. Apparently the two sources of nitrogen are 
being handled in identical fashion. 

Animal 4 stored during the corn period 879.3 grams of nitrogen 
or 35.4 per cent of the total intake. During the alfalfa period 
822.8 grams were stored or 29.6 per cent of the total nitrogen 
ingested. Here, again, as with animal number 3, the first week 
showed a very high nitrogen retention, amounting to 44 per cent 
of the total intake. This followed immediately a period of nitro- 
gen starvation and accounts for such high efficiency. This com- 




























TABLE VII. 


Record of income, outgo, retention of nitrogen, feed consumed and gain in 
live weight. 






Animal 4. Period I. Corn ration. 











LIVE 













N N N N: WEIGHT 

paren FEED | INTAKE IN FECES IN URINE RETAINED (INITIAL, 

387 LBS.) 

| pounds greme grams grams : greme pounds 
Jan. 2-8 | 6-7 | 342.2 | 112.1 77.2 | 152.9 379 
9-15 1 7 | 300.0 | 134.6 | 181.7 | 128.7 382 






16-22 | 7 390.0 147.3 | 118.5 | 124.2 385 
23-29 | 8 | 451.9 | 161.5 | 103.4 | 187.0 400 
30-Feb.5 | 8 | 451.9 | 173.9 | 125.5 | 142.5 407 
6-12 8 | 451.9 | 166.4 | 126.5 | 149.0 415 
879.3 





| 
| 





Animal 4. Period II. Alfalfa ration. 
















169.6 168.0 


Feb. 13-19 | 7-8| 443.8 | 169.9 | 113.8 | 160.1 | 424 
20-26 | 89) 476.1 | 174.1 | 123.6 | 178.4 | 435 
27-4 | 9 | 492.2 | 194.6 135.5 | 162.1 440 

Mar. 5-11 | 8 451.9 | 182.8 | 185.4 | 83.7 | 430 
12-18 | 8 451.9 | 156.7. | 171.0 | 124.2 | 442 
19-25 8 451.9 | 114.3 | 432 





"822.8 
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paratively high retention continued during both periods of feeding 
and was practically parallel with that of animal 3. During the 
corn period 55 per cent of the total nitrogen absorbed from the 
intestine was retained, while in the alfalfa period 48 per cent was 
retained. With both animals there was a slow decrease in the 
rate of nitrogen retention as the periods progressed. When the 
rations were suddenly changed there was in both cases an increase 
in the rate of nitrogen retention for a two weeks’ period and then 
a decrease. Such variations are difficult to explain and at present 
can only be interpreted on the basis of lags in elimination. Such 
rises and falls may occur any time in the period of feeding as illus- 
trated in charts III and IV, which show the curves of nitrogen 
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Cuart III, animAL 3. CuRVE OF N RETENTION (UNBROKEN 
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retention and consumption for animals 3 and 4. Animal 4 gives 
a clear-cut demonstration of the failure of a sudden change from 
the corn to the alfalfa ration to raise the nitrogen excretion in 
either urine or feces. Even for two weeks, which is beyond the 
range of a lag of elimination, the nitrogen in the feces and urine 
did not rise perceptibly above what it was in the last week on 
the corn ration. 

At the end of this period of feeding, both animals were again 
placed upon the nitrogen-low ration of straw and starch for a 
period of ten days for the purpose of again determining the ratio 
of creatinine nitrogen to the total urinary nitrogen. In the case 


Cuart IV, anrmat 4. Curve or N RETENTION 
(UNBROKEN LINE). CuRVE OF N CONSUMPTION 
(DOTTED LINE). 





a Senet Me ent ee 


are 


i 
of 
¥ 
+4 

‘ 

: 

i 

& 

ii 

j 
ik 

Vi 





x 


Bes Ee ones cages 


150 Efficiency of “‘Amide Nitrogen’ for Growth 


ree 


of animal 3 this rose on March 31 to 25.7 per cent and remained 
near this figure until the close of the record, April 3. Animal 4 
did not show such a high relation, reaching 17.7 per cent on March 
31 and 19 per cent on April 3. 

Reference to table VIII shows that during the first three weeks 
of observation on a nitrogen-low ration the average daily creatinine 
excretion decreased from 3.67 grams to 2.14 grams in animal 3 
and from 3.39 to 1.61 grams for animal 4. This decrease was 
possibly due to protein losses from the body. In table VIII is 
recorded the average daily creatinine excretion in grams for the 
entire period of experimental feeding. 

It is apparent from the data that for a time there was a steady 
rise of creatinine output accompanying nitrogen storage. With 
animal 4 this reached a maximum a considerable number of weeks 
before the end of the experiment and while she was still growing 
and storing nitrogen. Animal 3 rose to a high output on the week 
of February 27 to March 14, then decreased and rose again show- 
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TABLE VIII. 
Record of creatinine excretion during the entire period of feeding. 
Animal 3. Animal 4, 


AVERAGE | | AVERAGE 

DAILY FEED DAILY 

CREATININE, CREATININE 
| 
} 


a? | sian seniccanignsicitiianianes 


grams grams 


19-25 4 straw 2.71 | 19-25 
26-Jan. 1 | period 2.14 | 26-Jan. 1 


straw | 2.66 
period 1.61 
Jan. 2-8 Alfalfa | 2.47 |Jan. 2-8 _ Corn 
9-15 | Alfalfa | 2.74 9-15 Corn 


Dec.12-18 firm 3.67 |Dec. 12-18 | 


iw 3.39 


16-22 Alfalfa 
23-29 Alfalfa 
30-Feb. 5 Alfalfa 
Feb. 6-12 Alfalfa 
13-19 | Corn 
20-26 © Corn 
27—Mar. 4 Corn 
Mar. 5-11 | Corn 
12-18 - Corn 
19-25 Corn 
25-Apr. 3 car 


bo 
~] 
or 


16-22 | Corn 
23-29 | Corn 
30-Feb. 5 Corn 
6-12 | Corn 
13-19 Alfalfa 
20-26 | Alfalfa 
27-Mar.4 Alfalfa 
5-11 Alfalfa 
12-18 Alfalfa 
19-25 Alfalfa 
25-Apr. 3 Starch- 
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ing a maximum in the last ten days or during the starch-straw 
period. As a product of endogenous metabolism it should rise 
in the amount excreted accompanying protein storage, if there 
were no agents of destruction or if it can be looked upon as a 
quantitative end product of endogenous metabolism. According 
to Gottlieb and Stangassinger*! both creatinine and creatine are 
destroyed by tissue enzymes, but Mellanby*? denies this. In 
experiments with five pigs, McCollum*® obtained in two cases very 
satisfactory data on the quantitative relation of the rise of creati- 
nine output with nitrogen storage although with the other ani- 
mals** he was unable to secure such concordant data. This work 
will be reported in detail later, as well as a further discussion of 
the factors affecting creatinine excretion. It is very apparent 
that with heifers the rise of creatinine excretion is not a quantita- 
tive accompaniment of protein storage and unfortunately cannot 
be made the index for measuring the efficiency for growth of various 
rations. Apparently the amount of creatinine excreted in the 
urine is the total creatinine of endogenous metabolism minus that 
which has been destroyed in the tissues. 


GENERAL DISCUSSION. 


In experiments of this character too much stress cannot be laid 
on the importance of maintaining a normal condition of the animal 
and of continuing the experiment over a long period of time. The 
weakness of so many experiments dealing with this question of 
the relative value of “amide nitrogen”’ has been due to an attempt 
to feed an extract of plant tissue or a pure compound such as 
asparagine. The first invariably leads to the production of diar- 
rhea and the second does not represent the status of a large part 
of the “amide nitrogen” of plant tissue. In our work we have 
made use of a method of comparison using the same animal for one 
period, on a ration the protein of which was almost wholly made 
up of true digestible protein of a cereal grain, and for the second 
period on the digestible protein of a legume hay which includes 
the ‘amide nitrogen.” The nutritive ratios of the two rations, 


31 Zeitschr. f. physiol. Chem., lii, p. 14, 1900. 
32 Journ. of Physiol., xxxvi, p. 461. 1908. 

83 Research Bulletin 21, Wisconsin Exp. Sta. 
% This Journal, xi, p. 15, 1912. 
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based on crude digestible protein, were substantially identical; 
but if in the case of the hay the “amide nitrogen” be excluded 
then the nutritive ratio becomes 1:12.4. The efficiency of the 
two rations for growth, based on nitrogen storage, was essentially 
the same. It may be urged that in the alfalfa ration there was 
sufficient true protein to furnish all the nitrogen storage observed 
and that there is no proof that the “amide nitrogen” took part 
in supplying nitrogen for such storage. There are no records, 
so far as we are aware, of the efficiency of a 1:12.4 nutritive ratio 
from any source for growth and nitrogen storage, but it is the 
experience of feeders that such a ratio will not lead to rapid growth. 
As the outgrowth of very much experience the use of such a ratio 
is certainly not the practice. We must either believe that a nutri- 
tiveratio of 1:12.4 with alfalfa hay is as efficient for nitrogen storage 
as a 1:8.2, as used in the corn ration, or that the “amide nitro- 
gen” has been used for protein synthesis. Moreover, the failure 
of the ‘amide nitrogen” to increase or decrease the fecal or urinary 
nitrogen, when the ration was suddenly changed, is very strong 
evidence that that nitrogen was being used in ways similar to 
that of the nitrogen of true protein origin. 

Attention should also be called to the very great wastefulness 
of nitrogen by these growing animals. With liberal energy and 
carbohydrate intake, their power to retain nitrogen for growth 
was really small. Animal 4 for example in the second period of 
observation—a period of forty-two days—received some 2700 
grams of nitrogen, of which at least 1700 grams were absorbed 
| from the intestine. Yet of this 1700 grams absorbed, only 822 
i grams were retained. Such extravagant waste must bear some 
relation to the narrow nutritive ratio or high nitrogen intake nec- 



































such figures become intelligible. 


ik essary for efficient growth. Obviously, if we accept the prevailing 
H hypothesis that the value for growth of ingested protein will 
| iP depend upon its degree of similarity to the tissue proteins, then 


CONCLUSIONS. 





ie This paper includes the records of the comparative efficiency of 
Hh nitrogen from alfalfa hay and the corn kernel for growth. Also 
data on the relation of creatinine output to nitrogen storage in 
heifers. 
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1. On the basis of total nitrogen ingested, the utilization of 
nitrogen for growth was as efficient when the source was from 
alfalfa hay as when it came from the corn kernel. 

2. With high intake of total digestible crude protein, which in 
the case of alfalfa includes the ‘‘amide nitrogen,” the storage of 
nitrogen was essentially alike on the two rations. 

3. There was no sudden decrease or increase in the nitrogen 
content of the urine or feces when the animals were suddenly 
changed from one ration to the other. This is evidence that the 
“amide nitrogen” was being used in the same way as the true 
protein nitrogen. 

4. It is apparent from our data that full value, at least for 
growth, can be given to the total nitrogen of alfalfa hay. The 
“amide nitrogen” should not be considered worthless. The influ- 
ence on milk production will be studied later. 

5. With growing heifers there was no very concordant rise in 
creatinine output with increased storage of nitrogen. This pre- 
cludes the possibility of using this index for these animals as a 
measure of the efficiency of a given source of nitrogen to produce 
nitrogen storage. 
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I. INTRODUCTION. 


The immediate and profound effect of ingesting meat in large 
quantity was shown and analyzed in the second paper of this 


series. 


It will be recalled that Rubner suggested that protein 


might be of value to the life processes in the organism only in so 
far as it was convertible into dextrose, the rest of the protein 
being oxidized with the production of heat which is not available 
to maintain the motions of cell life. Recent work of thewriter! 


1 Lusk: Amer. Journ. of Physiol., xxii, p. 174, 1908. 
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156 Metabolism of Amino-Acids 
and of Ringer and Lusk? has shown that glycocoll and i-alanine 
are completely converted into dextrose by the phlorhizinized 
dog, and that three atoms of carbon contained in aspartic and 
glutamic acids are also convertible into dextrose. These four 
amino-acids yield about one-half of the sugar derived from protein 
metabolism in phlorhizin glycosuria. This information presented 
the possibility of testing the validity of Rubner’s hypothesis, and 
as far back as 1908 the writer* gave 40 grams of dextrose to a dog 
and then 20 grams of dextrose to which 16 grams of alanine were 
added, and noted no change in the metabolism during twenty- 
four hours as determined by the Pettenkofer-Voit respiration 
apparatus. Other similar experiments showed that the addition 
of 24 grams of tyrosine and of 40 grams of glutamic acid to a 
standard diet were without effect upon the metabolism of the 
animal. These experiments have never been published in detail 
and there is now no reason for such publication. As will be shown 
in paper six, the action of the amino-acids was masked by the 
mass action of dextrose or of the standard diet given. 

In paper three, it was demonstrated that 20 grams of dextrose 
administered to Dog II caused in one instance no effect on metabo- 
lism, while in another instance it caused a slight increase and this 
only during the second hour. If 25 grams of glycocoll or 20 grams 
of alanine which are completely convertible into 20 grams of dex- 
trose in metabolism, behave like dextrose, then, after their inges- 
tion, they should cause only a slight rise in the heat production. 
If glutamic acid be given it might show a “specific dynamic” 
action, for three of its carbon atoms are convertible into dextrose 
while two on oxidation might furnish free heat to the body. Also 
tyrosine, with its many cleavages before it reaches a stage for use 
by the cells in metabolism, might show a pronounced effect upon 
the heat production. The writer freely admits that these were 
the results which he was prepared to find. Prior to the work 
here presented, his ideas on this subject had been essentially 
derived from the teachings of Rubner. 


2 Ringer and Lusk: Zeitschr. f. physiol. Chem., |xvi, p. 106, 1910. 
3’ Lusk: Phlorhizinglukosurie, Ergeb. d. Physiol., xii, p. 315, 1912. 
* Lusk: Proc. Soc. Exp. Biol. and Med., vii, p. 136, 1910. 
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II. EXPERIMENTAL PROCEDURE. 





The experiments were conducted as in paper three upon Dog 
II. The same standard diet was administered at six o’clock in 
the evening. The amino-acid was dissolved or suspended in 150 
ec. of warm water containing 2 grams of Liebig’s extract of beef 
and given at noon. 

The total nitrogen and urea plus ammonia nitrogen were deter- 
mined in hourly periods in the dog on occasions when the meat 
extract was given, and the animal was not put in the calorimeter. 
Under similar conditions, total nitrogen and urea plus ammonia 
nitrogen were determined in hourly periods after an amino-acid 
had been ingested with the Liebig broth. The difference between 
the urea plus ammonia nitrogens in the two instances was assumed 
to represent the amino-acid destruction of the hour. The differ- 
ence between the total nitrogens of corresponding hours repre- 
sented approximately the amino-acid metabolized plus the amino- 
acid eliminated as such. The true protein metabolism of the 
time was assumed to be the nitrogen which would have been elimi- 
nated had no amino-acid or beef extract been administered. From 
the values thus calculated, approximate figures were obtained 
which represented the protein and amino-acid metabolism during 
the hours when the animal was in the calorimeter. A similar 
procedure was employed with Dog I in paper two when meat was 
ingested. 

In order to determine the indirect calorimetry when amino- 
acids are metabolized, the table on page 158 was prepared. 

































III. EXPERIMENTAL PART. 
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The full analytical details of all the experiments are given in 
the Appendix, Table I. . 





A. Liebig’s extract of beef. 


Both Rubner® and Biirgi® have demonstrated that the constitu- 
ents of Liebig’s extract of beef are very largely ready for elimi- 
nation in the urine. The researches of Pawlow and his pupils 












5’ Rubner: Zeitschr. f. Biol., xix, p. 343, 1883. 
6 Biirgi: Archiv fir Hygiene, li, p. 1, 1904. 
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have shown that meat extracts stimulate a secretory flow of diges- 
tive juice in both stomach and pancreas. An experiment by 
Cohnheim’ indicates that the metabolism of a fasting dog may 
be increased 9 per cent in three hours, when meat which passes 
out through an oesophageal fistula is given. Such “fictitious feed- 
ing” stimulates the flow of both gastric and pancreatic juices. 
However, Cohnheim made no record of the movements of the dog 
during the period of observation and these might easily have 
produced the differences in the heat production reported. 

In considering the following results, obtained after giving 2 
grams of Liebig’s extract of beef in 150 cc. of water, one must 
remember that the basal metabolism of this dog was shown to 
be 16.2 calories per hour (paper three). An experiment showing 
this is here reproduced for comparison with the results after giv- 
ing Liebig’s extract. 


The influence of Liebig’s extract on metabolism. 





Exp. 21. Frespruary 5 Exp. 22. Fesruary6)| Exp. 38. Marcu 22 











NO FOOD | LIEBIG’S EXTRACT LIEBIG’S EXTRACT 
TIME OED AD ie er sear 
Protein ___ Calories ___| Protein _ Calories __| Protein) __ Calories 
Cale. | Found | Cale. Found Cale. Found 
p.m. gram gram .gram | 


1.00-2.00 0.094 15.43 15.11, 0.136 15.06 16.56, 0.142 14.92 15.32 
2.00-3 .00 0.094 16.03, 16.37 0.136 16.37 16.15) 0.142 15.44 15.55 
3.00-4.00 0.094 18.33 17.35 0.136 17.62 16.95 0.142 16.15 16.56 


49.79 48.83 49.05 49.66 46.51 47.43 





Total per hour 


16.6 | 16.4 15.5 

The above table shows an average metabolism of 16 calories 
per hour after ingesting 2 grams of Liebig’s extract in 150 ce. of 
warm water and it is evident that Liebig’s extract is without influ- 
ence upon the metabolism in spite of the glandular activity it is known 
to induce. 

The urinary analyses. The nitrogen content of 2 grams of Lie- 
big’s extract of beef was found to be 0.156 gram. After ingestion 
of this quantity in 150 cc. of water, urinary analyses were made 
in hourly periods with the following results. 


7™Cohnheim: Archiv fiir Hygiene, |vii, p. 401, 1906. 
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Urinary analyses after giving Liebig’s extract. 









Marcu 21 | Marcu 28 
TIME 








TOTAL N 







ToTAL N | eae NHs | une + NHs 





gram gram gram 





gram 










Ki 12.00-1.00 | 0.201 | 0.154 | 0.152 
i 1.00-2.00 | lost 0.169 | 0.162 
i 2.00-3.00 lost 0.176 | 0.156 
3.00-4.00 |} 0.1440 | ©O.22% |: 0.150 | 0.1% 
) 4.00-5.00 | 0.121 | 0.104 0.140 | 0.122 


Mair cep eal | 0.789 0.718 






On March 28 the urea plus ammonia N was 91 per cent of the total N. 





a On the calorimeter days analysis of the urines during periods 
i of four hours and ten minutes showed the following results which 
‘ 
4 










are compared with estimated results based on the analysis of the 
urine of March 28. 





| ————_- a 








DATE TIME roTaLN | bees | NHs see’ NHs 
if | xe ees eaeaes ‘a orem per cent 
y February 6 12.00-4.10 0.723 | 0.688 95 
' March 22 12.00-4.10 0.747 0.641 86 
q March 28 | 12.00-4.10 0.672 (cale.) 0.616 92 


Hi If one now considers the variations in nitrogen elimination during 
oe the same hours when no Liebig’s extract was given, these are 
q found to be as much as 0.038 gram per hour as appears from the 
following table: 















DATE N PER HOUR | DATE N PER HOUR 
a . ; | ERE al Pe 
{ December 2 0.133 _ January 30 0.130 
January 22 0.124 February 5 0.094 
January 26 0.095 


April 22 0.132 











It appears from the above that the value of the nineteenth to 
the twenty-second hours after food ingestion is usually about 
0.132 gram of nitrogen as found on April 22. Assuming a value 
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of 0.132 per hour, then 0.549 gram would be eliminated during 
four hours and ten minutes. 

Considering now the elimination of nitrogen during the same 
interval of time after meat extract containing 0.156 gram of nitro- 
gen was administered, the following differences are found: 


Date Total N Extra N 
February 6 0.723 — 0.549 = 0.174 
March 22 0.747 — 0.549 = 0.198 
March 28 0.672 — 0.549 = 0.123 


It is, therefore, evident that the nitrogen ingested in the meat 
extract is essentially eliminated during the first four hours after 
its administration. 

To estimate the protein metabolism of February 6, when meat 
extract was given, one might assume (1) the value of the hourly 
nitrogen elimination of the day previous (= 0.094), or (2) one 
might deduct from the nitrogen in the urine of the period the 
nitrogen content of the Liebig extract given (0.723 — 0.156 = 
0.567) which gives an hourly excretion of 0.136 gram, a more 
probable value. A similar calculation for the urine of March 22 
shows an hourly value of 0.142 gram of nitrogen. 

The metabolism of February 6 has been calculated on the basis 
of both methods of estimating the protein nitrogen elimination 
with the following results: 


Influence of small variations in protein metabolism upon the calculation of 
results. 
N % NON- N NON- 
0.136 | 0.88 15.06 
0.136 | 0.81 | 16.37 
0.136 | 0.72 17.62 


49.05 


This table shows that however crude the method of analysis 
may appear to the critical, the general result is practically unin- 
fluenced by a possible error of 0.042 gram of estimated protein 
nitrogen elimination per hour. 


ace sara one er 
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B. 25 grams of glycocoll. 


Since both carbon atoms contained in glycocoll are convertible 
into dextrose, it may be calculated that 25 grams of glycocoll 
produce 20 grams of dextrose. In paper three it was shown that 
20 grams of dextrose containing 75 calories caused, during the 
second hour only, an increase of 2.5 calories in heat production— 
a specific dynamic action of 3.3. The question was, would glyco- 
coll behave in the same fashion? 

The experiments were continued from the beginning of the 
second to the end of the ninth hour after the ingestion of the mate- 
rial, in two different series of four hours each and each series was 
done twice, making experiments which are essentially well agree- 
ing duplicates (see table I). The important results appear in 
the following: 

Experiments 44 and 48. 


25 grams of glycocoll (4.66 grams N and 46.15 calories) in 150 cc. of water 
plus 2 grams of Liebig’s extract, at noon. 


Values in calories. 





» 4 _ TOTAL’ 

PROTEIN GLYCOCOLL | Pn ow ote | quis 
17 .37 21.12 21.96 
18.85 22.86 21.31 
20.30 $24.75 | 21.23 
16.75 22.70 21.16 
11.81 18.43 19.24 
13.71 20.33 | 20.17 
12.19 18.81 | 18.33 


| 17.10 | 17.58 





3.02 | 
3.02 | 
3.02 
3.02 
3.02 
3.02 
3.02 
3.02 


SSSsegsa 








|S | wwwwneoco 


24.16 | 


166.10 160.93 








The difference between calories calculated and calories found 
is 5.2 of which 3.6 falls in the single hour between three and four 
o’clock. The result of the glycocoll ingestion was a decided rise 
in metabolism, which continued over a period of eight hours. 
During the ninth hour the metabolism fell nearly to the basal 
value, which has been determined as 16.2 calories per hour. For 
the eight hours at this level the basal metabolism would have been 
129.6 calories. Taking the lower figure, “calories found” in the 
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above experiment, the heat production after giving 25 grams of 
glycocoll amounted to 160.9 calories for a period of eight hours, 
an increase of 31.3 calories above the basal value. Since the 
ingested glycocoll yields 46.15 calories in metabolism, it may be 
calculated that the specific dynamic action of glycocoll is 70. Using 
a calculation (see below) which indicates that 8 per cent of the 
absorbed glycocoll is eliminated unchanged in the urine, the spe- 
cific dynamic action may be estimated to be 74. This is calcu- 
lated after the manner of Rubner. If, however, one considers 
the very low level of glycocoll metabolism during the second and 
third hours as measured by the extra urea plus ammonia excretion, 
it is apparent that, although no considerable quantity of glycocoll 
is destroyed, yet the heat production is about at its maximum 
during these hours. There is a rise of 5 calories above the basal 
metabolism, during the second hour, although the calories from 
glycocoll metabolism are indicated as being only 0.73 (or only 
3.15 calories if the estimated glycocoll metabolism of the next two 
hours be included). In the interpretation of these results, valued 
information is to be obtained from the work of Folin and Denis.® 
These authors find that one hour after the administration of about ) 
2 grams of glycocoll to anesthetized cats, the “‘non-protein nitro- U 
gen” (which must contain absorbed glycocoll) has increased in li 
the blood and in the tissues, but there has been no increase in the 
quantity of urea nitrogen in either locality. The urea formation 
begins about an hour after the ingestion of the material. From 
one experiment (in which the kidney. function was undisturbed) 
the following details are reproduced. 




































Glycocoll given, 1.867 grams; absorbed, 9.917 grams. 
Values, milligrams in 100 grams substance. 









MUSCLE 








CAROTID BLOOD 
TIME . . a are ane 


y NON- “ 
UREA N | raorars N UREA N 








NON- 
PROTEIN N 






pO Re ene Se par 34 60 42 248 












After 2 hours..........| 44 | 100 
After 3 hours........../ 50 101 






After 4 hours.......... 60* 124* 54 304 








* lliac artery. 







8 Folin and Denis: This Journal, xii, p. 141, 1912, and their previous 
papers. 
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It appears from this that the absorbed amino-acids circulate 
in the blood, and are retained in the muscle tissue, while after one 
hour the urea rises in the blood in response. to the increased pro- 
duction of urea in the tissues. These results are interpretative of 
the nitrogen figures representing the glycocoll metabolism in the 
dog as shown above, and indicate that they give an approximate 
idea of the actual happenings. 

Since there is a great rise in metabolism during the second hour 
after glycocoll ingestion and this is not accompanied by a large 
metabolism of absorbed glycocoll, it is evident that glycocoll acts 
as a stimulus to increase the oxidative processes in the organism. 
Furthermore, since the high metabolism is found during the second 
hour when the urea production from glycocoll is still low, it appears 
that the increased metabolism is due to the direct stimulus of glycocoll 
itself and not to any process concerned with intermediary metabolism 
such as the process of deaminization. 

Comparison to show the similarity between the metabolism 
after the ingestion of 20 grams of dextrose which exerts a specific 
dynamic action of 3.2 with that produced by its isoglucosic equiva- 
lent, 25 grams of glycocoll, which exerts a specific dynamic influ- 
ence of 70, breaks down completely. Most dogs drink a solution 
of dextrose of their own free will. They drink a solution of glyco- 
coll the first time it is offered to them, but not readily after that. 
Glycocoll solutions are often vomited and some dogs never retain 
them. Both materials have a sweet taste, and yet their action 
on the stomach wall, as well as upon the cells of the organism in 
general, is distinctly different. It may be suggested that the 
action of glycocoll is merely through the sensory stimulation of 
the mucous membrane of the stomach and intestines, but the 
continuation of the increased metabolism for seven or eight hours 
after the ingestion of the material and long after the sensation of 
nausea has passed away, disproves this. Furthermore, urea solu- 
tions which produce nausea and often vomiting, have no influence 
whatever upon metabolism as shown in paper three. In the experi- 
ments here described, the dog betrayed no signs of nausea but in 
the two instances remained in the calorimeter without moving 
during the first hour of the experiment. 
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In the work of Ringer and Lusk® it was shown that the nitrogen 
and sugar which arise from the ingestion of 20 grams of glycocoll 
by a phlorhizinized dog are usually completely eliminated in 
twelve hours. In the present experiment it is found that the 
maximal action on metabolism takes place during the second to 
fifth hours, during which the mass action of the entering amino- 
acids may be greatest. With the completion of the absorption 
and the destruction of the amino-acids as such, this mass action 
upon the cells diminishes with an accompanying diminution in the 
intensity of metabolism. 

It will be noted that the behavior of glycocoll is entirely similar 
to the behavior of meat, as has been set forth in paper two of this 
series. Glycocoll, the simplest of the amino-acids, has the most 
profound effect of all those which have been studied. How impor- 
tant the effect of glycocoll upon the general metabolism is, cannot, 
with certainty, be stated until it is known whether the large amount 
excreted after the administration of benzoate of soda!® corresponds 
to the amount produced normally. 

The urinary analyses. It has been admitted that the calcula- 
tions of the hourly nitrogen values after administration of Liebig’s 
extract could not be exactly calculated and the calculations become 
even more complex when amino-acids are given with Liebig’s 
extract. The following general procedure has been used. (1) 
The values of total N and urea plus ammonia N were determined 
in hourly periods after giving Liebig’s extract. (2) Total N and 
urea plus ammonia N were determined in hourly periods for six 
hours after giving 25 grams of glycocoll plus Liebig’s extract. 
(3) These last values have been assumed as correct during the 
period when the dog was in the calorimeter. (4) The protein 
metabolism of the time has been taken as an assumed value of 
the probable nitrogen elimination had no Liebig’s extract or amino- 
acid been ingested. (5) The difference between the urea plus 
ammonia nitrogen when Liebig’s extract was given alone and when 
it was given with glycocoll, forms the basis of the determination 
of the amount of glycocoll metabolized. (6) The increase in total 
nitrogen due to the addition of glycocoll to Liebig’s extract, minus 


® Ringer and Lusk: loc. cit. 
10 Magnus-Levy: Miinch. med. Wochenschr., lii, p. 2168, 1905; Ringer: this 
Journal, x, p. 327, 1911. 
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the nitrogen of metabolized glycocoll, represents the amount of 
glycocoll which was eliminated unchanged. 

The above presents in general outline the method of all the 
determinations made with various amino-acids in this paper. 
Exceptions to this procedure will be mentioned when they occur. 

The following table gives the results obtained after ingesting 
glycocoll. 


Urinary analyses after glycocoll ingestion. 





Marcu 28 Marcu 25 





25 GRAMS GLYCOCOLL | 
PLUS 2 GRAMS LIEBIG’S | 
EXTRACTIN 150 cc. | 
WATER | 


2 GRAMS LIEBIG’S 
EXTRACT IN 150 cc. 
WATER 





Total N ae {Ns Total N [Tree ee 


LIZED = GLYCOCOLL 


DIFFERENCE BETWEEN 
UREA PLUS NHs 

N = GLYCOCOLL N ME- 
TOTAL N MINUS GLY- 
cOocoLL N METABO- 
N UNMETABOLIZED 


TABOLIZED 
DIFFERENCE BETWEEN 








a 


° 
= 
— 


0.361 
0.315 
0.381 
0.463 | - 
0.416 | (0.348) | 

| 

| 


0.242 |. 
| 
| 


‘esece 
S38 








1.732 | 
| = 78% 


{ 


o 
o 
=I 
=~) 





On the calorimeter days, March 29 (Exp. 41) and April 4 
(Exp. 44), the actual elimination of nitrogen and the elimination 
assumed on the basis of the analyses of March 25 are given below: 





UREA + NHs3 


DATE TIME TOTAL N PER CENT 


N 

March 29, Exp. 41..... 12.00-5.10 | = 1.583 3 85 
454 
5 





March 25 (est.)....... 12.00-5.10 | 1.839 
April 4, Exp. 44 12.00-5.08 | 1.825 
March 25 (est.)........ 12.00-5.08 1.828 .403 


86 





The results of the actual and calculated values of April 4 show 
little differences. Greater differences are shown on March 29, the 
nitrogen elimination being 14 per cent less than on March 25. The 
assumed values were, however, adopted. This was justified because 
the heat production in both experiments, 41 and 44, was essen- 
tially the same. More perfect results than these could have been 
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obtained if the dog had been provided with a catheter and an 
apparatus for the automatic washing of the bladder at the end of 
each hourly period while in the calorimeter. Although this could 
have been arranged, yet it was deemed undesirable on account of 
the necessity of keeping the dog in complete repose. 

On March 28, the day on which Liebig’s extract alone was 
given, the total nitrogen was 0.114 and the urea plus ammonia 
N was 0.104 between five and six o’clock. The value 0.114 N 
has been assumed as representing the fasting protein metabolism 
in the following experiments after glycocoll ingestion at noon. 

On April 13 and 23, the dog was placed in the calorimeter and 
his metabolism determined between five and nine o’clock. The 
urine of the whole period was analyzed and was partitioned equally 
through the several hours. The results were: 


| rorat N rans * oie 


DATE EXP. NO. TIME PER CENT 


April 13 48 4.00-9.10 | 2.425 | 2.297 | 95 
Perhour | 0.469 | 0.445 | 

April 23 52 4.00-9.10 | 2.642 2.478 94 

Perhour | 0.511 | 0.479 | 








Since the urea plus ammonia elimination when no glycocoll is 
ingested is 0.104 gram per hour (see above) the nitrogen elimina- 
tion representing glycocoll metabolized would be in Experiment 
48, 0.341 gram per hour, and in Experiment 52, 0.375 gram per 
hour. The high percentage of urea plus ammonia nitrogen during 
this period of four hours shows that practically no glycocoll was 
eliminated in the urine as such; for, calculated on the basis before 
described, only 0.014 and 0.022 gram of glycocoll nitrogen per 
hour could be estimated in the urine. The values of 0.469 and 
0.511 gram of total N metabolized per hour between four and 
nine o’clock agree with the values found on March 28 of 0.463 
and 0.461 for the two hours between four and six. It is assumed 
that the urea elimination during the following three hours did not 
essentially vary from this. 

The method of determining the nitrogen elimination of the dog 
within the calorimeter as described above was also used in the 
following experiments with other amino-acids, and need not again 
be described. 
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C. 20 grams of i-alanine. 


Since 20 grams of 7-alanine are convertible in the organism into 
20 grams of dextrose, that quantity was given in Liebig’s extract 
of beef and the metabolism determined in hourly periods from the 
second to fifth hour to discover whether its behavior was different 
from that of dextrose. 

The results were as follows: 


Experiment 48. 


20 grams of alanine (3.14 grams N and 60.7 calories) in 150 cc. of water plus 2 
grams of Liebig’s extract at noon. 


Values in calories. 


TOTAL | 
2 NON- TOTAL 
TIME PROTEIN ALANINE CAL- Ss saternon 


PROTEIN CULATED 





1.00-2.00 13.96 19.74 
2.00-3 .00 12.17 18 .47 
3.00-4.00 : 11.29 19.94 
4.00-5.00 (19. 26) 


WS ca icty s cacmeces A 15.46 77.41 


The basal metabolism of the dog was 16.2 calories per hour or 
64.8 calories during four hours. Hence the ingestion of 20 grams 
of alanine caused an increase of 12.61 calories during four hours, 
which shows a specific dynamic action of 21 during this short 
period. Folin and Denis (loc. cit.) have shown that there is no 
increase in urea in the blood during the first hour after alanine 
ingestion, but that the quantity of alanine increases in the blood. 
During the second hour urea formation commences. 

It will be noticed that, although the quantity of alanine metabo- 
lized increased hour by hour, the heat production reached its 
maximum during the second hour. | 

The behavior of alanine appears to be similar to that of glyco- 
coll, but alanine acts as a less powerful stimulus. Glycocoll caused 
arise of 5 calories during the first hour, whereas alanine caused one 
of 3.5 calories. 

The urinary analyses. The urinary analyses were computed 
as in the subjoined table: 
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Urinary analyses after alanine ingestion. 


Marcu 28 APRIL 3 


ALANINE 


| 20 GRAMS ALANINE 
PLUS 2 GRAMS LIEBIG’S 
| EXTRACT IN 150 cc. 
WATER 


2 GRAMS LIEBIG’S 
EXTRACT IN 150 cc. 
WATER 


ALANINE N ME- 


TABOLIZED 
NINE N METABO- 


DIFFERENCE BETWEEN 
UREA PLUs NHs 
DIFFERENCE BETWEEN 
TOTAL N MINUS ALA- 
LIZED 
NOT METABOLIZED 


| Total N ies” ‘een Total N mes” en 


N 


12.00-1.00 ’ 0.152 0.197 0.136 
1.00-2.00 0.162 0.481 0.280 
2.00-3 .00 : 0.156 0.461 0.301 
3.00-4.00 0.126 0.562 0.393 
4.00-5 .00 0.122 0.515 0.393 





Total ; 0.718 2.166 1.503, 
= 91% = 70% | 








The above figures show, in confirmation of Folin, that there 
is no urea production during the first hour after giving alanine. 
There appears to be a large excretion of unoxidized alanine amount- 
ing in five hours to 18 per cent of the material ingested. The 
metabolism of alanine as measured by the increase in urea plus 
ammonia N rose hour by hour. 

On the calorimeter day, April 1, Experiment 43, the hourly 
protein metabolism was assumed to be represented by 0.132 grams 
N, an amount which was eliminated on April 22, when no food was 
given at noon; the amino-acid metabolism was estimated from 
the computation shown above, which the following comparison 
justifies. 


EXPERI- > UREA+NHs ‘ 
MENT TIME TOTAL N N PER CENT 


| 43 12.00-5.10 2.19 1.53 | 70 
| (est.) | 12.00-5.10) 2.25 1.56 70: 


D. 20 grams of i-glutamic acid. 


It has been stated that glutamic acid yields three of its carbon 
atoms as glucose in the diabetic organism, whereas two are oxid 
ized. Here appeared a chemical complex which might serve to 
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settle the theory of the specific dynamic action of protein. The 
following serves to illustrate the results of its ingestion: 


Experiment 49. 


20 grams of glutamic acid (1.90 grams N and 62.9 calories) in 150 cc. of water 
plus 2 grams of Liebig’s extract at noon. 


Values in calories. 





GLUTAMIC NON- preg TOTAL 
ACID =| PROTEIN | oui arep FOUND 


PROTEIN 





1.62 | 10.09 15.21 15.49 
4.96 | 7.70 | 16.16 | 15.26 
5.16 | 8.25 16.91 | 15.99 

6.82 17.00 16.59 





32.86 65.28 63.33 





The average between the calories ‘‘found” and ‘“‘calculated’’ is 
64.3: which may be compared with a basal metabolism of 64.8 
calories for the period. 

Glutamic acid exerts no “specific dynamic action” whatsoever. It 
is an amino-acid which is an important constituent of most pro- 
tein and yet its ingestion does not increase the heat production, 
although it is freely absorbed and deaminized. Therefore, the 
process of deaminization and urea production are not concerned 
with the heat increase accompanying specific dynamic action. One 
may also draw the conclusion that glutamic acid cannot yield giyco- 
coll as an intermediary product. 

If the behavior of glutamic acid is on account of its chemical 
configuration, then one must assume that aspartic acid behaves in 
a similar manner in metabolism, although no experiments have 
been made with this substance. 

The urinary analyses. As in the last experiment the protein 
metabolized was assumed to be represented by a urinary elimina- 
tion of 0.132 gram N per hour. The remaining factors were com- 
puted as follows: 
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Urinary analysis after glycocoll ingestion. 








j ' ' 

Marcu 28 Apri 16 - Zpilyz 

eS Re Rae 7 ae Lae a, 3) = aaz? 

Sa 5 a) 

ein < En a8 
’ 20 GRAMS GLUTAMIC Brom | aPESae 
Jonaweusenc's | “Asomestonas See | SEES 
TIME seen ‘ | LIEBIG’SExTRACTIN #b<5 | B4<o5 
150 cc. WATER ZR ES 2% 22 
eto<  #256< 
Gund Mid aq jomawml ERee | EEsGE 
Total N [UT@tNHs torn UreatNHs Bola | Bees 

. . a % a 
| DR NE. 68 sit 
12.00-1.00 0.154 2 | 0.246 0.208 0.056 0.036 






So: 
s 


2 | 0.289 0.211 0.073 


15 
1.00-2.00 0.169 16 
156 0.406 0.306 0.150 0.080 
12 
12 


2.00-3 .00 0.176 
3.00-4.00 0.150 
4.00-5 .00 0.140 


6 0.337 0.282 0.156 0.031 
2 0.368 0.324 0.202 0.026 


ooooe 









Total..........| 0.789 0.718 1.646 1.331 0.613 0.246 
 =91% = 81% 









Comparison of the analysis of the urine of April 17, the day 
on which the dog received glutamic acid and was placed in the 
calorimeter with that of April 16 with the same diet outside the 
calorimeter, showed the following relations: 



















DATE EXPERIMENT TIME TOTAL N Umma Rs NHs 
April 17 49 12.00-5.10 1.509 1.397 
April 16 (est.) 12.00-5.10 1.707 1.387 










E. 20 grams of i-leucine. 







The following results were obtained after giving leucine: 


Experiment 50. 






20 grams of leucine (2.14 grams N and 118.9 calories) in 150 cc. of water plus 2 
grams of Liebig’s extract at noon. 







Values in calories. 


















TIME | PROTEIN LEUCINE Fr =n yor pasate 
CULATED J 

1.00-2.00 3.50 7.64 | 6.45 | 17.59 | 17.06 

2.00-3.00 3.50 6.35 | 6.88 16.73 | 17.40 

3.00-4.00 3.50 6.74 | 7.46 | 17.70 | 17.68 

7.57 | 8.27 | 19.34 | 18.36 





4.00-5 .00 3.50 






- 29.06 71.36 | 70.50 
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It appears from the above, that in spite of its insolubility, a 
noticeable quantity of leucine was absorbed and metabolized dur- 
ing the first five hours after its ingestion. Its action in raising 
the heat production was not great, the basal metabolism of 64.8 
calories being increased by only 6.1 calories or about 10 per cent. 

The urinary analyses. The value 0.132 gram N was again 
assumed to represent the nitrogen of the true protein metabolism 
of the time. The other figures were determined as follows: 


Urinary analyses after leucine ingestion. 





| 
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20 GRAMS LEUCINE 
| PLUS 2 GRAMS LIEBIG’S 
EXTRACT IN 150 cc. 
WATER 


2 GRAMS LIEBIG’S 
EXTRACT IN 150 cc. 
WATER 


Total N [Usen + Nits Total N nian See 
| 2 





LEUCINE METAB- | 


OLIZED 
CINE N = LEUCINE N 


UREA PLUS NH3 
TOTAL N MINUS LEU- 
NOT METABOLIZED 


DIFFERENCE BETWEEN | 


| DIFFERENCE BETWEEN 


N 





0.152 0.149 0.133 
0.162 | 0.329 0.299 
| 0.156 0.298 0.270 | 0.114 
0.126 0.270 «0.247 | 0.121 
| 0.122 | 0.278 0.258 | 0.136 


So © 
—_ 
eo 
x] 


| 0.718 | 1:324 | 1.207 | 0.508 


(=91% = 91% | 


The above shows no elimination of leucine nitrogen during the 
first hour but an elimination of a quarter of the nitrogen ingested 
during the following four hours. Very little or no leucine could 
have been excreted as such in the urine. 

On April 19, the dog was given 20 grams of leucine with Liebig’s 
extract and was then placed in the calorimeter. The urine of 
this day in comparison with that of April 18 showed the following: 


‘ va | 
EXPERI- | UREA+NH3 
MEW? N | N | PER CENT 


DATE TIME | TOTAL 





| | 
April 19 | 50 | 12.00-5.04 1.481 | 1.244 | 8 
| (est.) | 12.00-5.04 | 1.324 | 1.207 | 91 
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F. 20 grams of tyrosine. 


The results of giving 20 grams of tyrosine are presented in the 
following: 
Experiment 46. 
20 grams of tyrosine (1.55 grams N and 109.9 calories) in 150 cc. of water plus 
2 grams of Liebig’s extract at noon. 
Values in calories. 


siaen TOTAL 
PROTEIN TYROSINE |p. orEIN CAL- 
” | CULATED 


14.43 | 17.93 
14.12 17.62 
16.39 19.89 
14.68 18.18 


|” Ger a eS eres 

It appears from this table that the metabolism was slightly 
increased after giving 20 grams of tyrosine. If the calories ‘found’’ 
and “calculated” be averaged, the result is 71.5 as against a basal 
value of 64.8 calories, a gain of 7.7 calories, or 10 per cent for the 
period. The result is, therefore, similar to that obtained with 
leucine, except that in the case of leucine, there was a largely 
increased elimination of urea plus ammonia nitrogen which is not 
evident with tyrosine. It is possible that tyrosine, even though 
only small quantities are absorbed, will act as a stimulus upon the 
cells (see Summary). 

The urinary analyses. After giving tyrosine, there was no in- 
crease in the nitrogen elimination during five hours which could 
not be ascribed to experimental error. The following compares 
the results found in the experiment after giving 20 grams of tyro- 
sine in Liebig’s extract with the figures for Liebig’s extract alone. 


PER CENT 


es Ty 
EXPERI- sorat —- Hs 


DATE MENT TIME 


April 10 46 | 12.00-5.08 0.888 0.786 89 
March 28 (est.) | 12.00-5.08 0.808 0.733 91 
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G. 5.5 grams each of glycocoll, alanine, glutamic acid, leucine and 
tyrosine. 


It was deemed of interest to determine the action of a mixture 
of amino-acids which might be compared with 100 grams of meat. 
To this end a mixture of the five amino-acids already described, 
consisting of 5.5 grams of each substance and being 27.5 grams in 
all, was prepared. The values for the calculation of the results 
were computed from the table given on p. 158 and were as follows: 


Mixed amino-acids contain 12.47 per cent N. 

Average heat value per gram = 3.894 calories. 

Average heat value per gram N = 31.23 calories. 

1 gram mixed acids yields 1.474 grams CO, for respiration. 

1 gram mixed acids requires 1.242 grams O, for oxidation. 

1 gram N of mixed acids yields 11.82 grams CO, for respiration. 
1 gram N of mixed acids requires 9.96 grams O: for oxidation. 


The results obtained are given below. 


Experiment 46. 


5.5 grams each of glycocoll, alanine, glutamic acid, leucine and tyrosine (3.46 
grams N and 107.1 calories) in 150 cc. of water plus 2 grams of Liebig’s 
extract at noon. 


Values in calories. 





ia % | TOTAL 
TIME PROTEIN —- nmin ~ | cate 
| CULATED | 


1.00-2.00 3.50* 8.06* | 9.81* | 21.37 
2.00-3.00 | | 21.37 
3.00-4.00 | 21.37 
4.00-5.00 | 21.37 


Ts ne ee | 85.48 





* Values per hour throughout. 


The average of these results shows a metabolism amounting 
to 84.4 calories, an increase of 19.6 above the basal value. No 
such height of metabolism has been found except in the case of the 
ingestion of 25 grams of glycocoll. If the “calories found”’ in 
the two experiments be compared, the results are.seen to be in 
close agreement as appears from the following: 
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25 GRAMS GLYCOCOLL 27.5 GRAMS MIXED AMINO-ACIDS 


TIME 











Calories found Calories found 
1.00-2.00 21.96 22.27 
2.00-3 .00 21.31 21.77 
3.00-4.00 21.23 19.25 
4.00-5.00 21.16 20.09 
i, SOS RED Se kee ee 85.66 83.38 





Since the mixture of 27.5 grams raises the metabolism to the 
same height as 25 grams of its most powerful component, and not 
to the height of the average of all, it appears probable that the 
amino-acids of lower specific dynamic action each acts specifically, 
each contributing its total to the general result. The total result 
would then be dependent upon the mass action of the individual 
units. It seems improbable that the whole result could have been 


determined by the action of 5.5 grams of glycocoll alone although _ 


this cannot now be stated with certainty. It must be recalled 
in this connection that glutamic acid is without influence, so the 
result was really produced by 22 grams containing 2.94 grams of 
N and made up of equal portions of glycocoll, alanine, leucine and 
tyrosine, of which only the first two act powerfully. 

The urinary analyses. The urine was not separately obtained 
in hourly periods, but only the urine of the calorimeter period was 
collected and the calculations are based upon this whole period. 
The nitrogen found, less the nitrogen obtained when Liebig’s 
extract was given alone, gives the following results: 


UREA+NHs3 
N 





DATE EXP. TIME TOTAL N PER CENT 
April 8 45 12.00-5.12 2.039 1.804 88 
March 28 (est.) | 12.00-5.12 0.792 0.720 91 


RS tte i 1.247 ° 1.084 87 


It appears that 87 per cent of the increase in nitrogen excretion 
due to the ingested amino-acids, was in the form of urea or ammo- 
nia. Since practically none of this increase ever appears in the 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XIII, NO. 2 





as - 








la i yt 
— ?. < 


=a Et ara 


era ne ere er NO eg? oe Tannen oat 
'« “ 


— Reais 


ty c 
‘ 


176 Metabolism of Amino-Acids 

urine during the first hour after the ingestion of amino-acids, the 
urea plus ammonia nitrogen was divided by 4.2 hours to determine 
the average hourly metabolism of amino-acid, which gave the 
value of 0.258 gram of N. 


H. 100 grams of meat. 


In paper two it was shown that ingestion of 1000 grams of meat 
by the same dog used in these experiments, caused the metabolism 
to rise from 16.2 to 30 calories per hour. The influence of 100 
grams of meat from beef heart is indicated below: 


Experiment 47. 
100 grams of meat (3.0 grams N and 78 protein calories). 


Values in calories. 
TOTAL ' 
cALcULATED | TOTAL FOUND 





PROTEIN | NON-PROTEIN 





9.09 | 10.37 | 19.46 | 20.02 
10.52 9.68 | 0. 19.81 
8.85 11.94 | 18.80 





31.99 58 .63 


The average metabolism during three hours may be estimated 
at 59.55 calories, an increase of 11 above the basal metabolism. 
Assuming for the sake of comparison, that the metabolism during 
a fourth hour is maintained at the average height of 19.8 calories 
hourly, as one may on account of the nitrogen in the urine during 
this hour, the total metabolism may be estimated at 79.3 calories 
during four hours, and the results may be compared with those 
‘obtained after giving 27.5 grams of mixed amino-acids, as follows: 


27.5 grams mixed 
100 grams meat (3 amino-acids (3.46 
grams N and 78 grams N and 107 
protein calories) calories). 


Calories in four hours.............. 79.3 84.4 
Increase above basal value 14.5 19.6 


Since, as has been said, glutamic acid exerts no heat increasing 
function, it may be concluded that 22 grams made up of glycocoll, 
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alanine, tyrosine and leucine in equal amounts and containing 
together 2.94 grams of N and 90 calories, exerts a more profound influ- 
ence upon metabolism than does 100 grams of meat containing 3 
grams of N and 78 protein calories, during an experimental period 
which includes the second to fourth or fifth hours after their ingestion. 
The higher metabolism after giving the mixture of amino-acids may, 
in part, be due to the greater rapidity of their absorption and in part 
to the particular constituents of the mixture. 

The urinary analysis. On April 9, 100 grams of beef-heart were 
given at noon and the hourly nitrogen excretion showed the follow- 


ing results: 


TOTAL N 
TIME grams 


iin igh barn pall +40 tb aed vad bo hie ste dx ORO 0.208 
NN 5-44 4h 0G he deens vx s.dego Gods vebeds ven cmkeee 0.343 
Cab ikea dad bae ENG hese va kanen eb dehehees 0.397 
Rie a ah hie ebek be hed eta be bala kumsedines Wil 0.334 
in cu nie ohn bere hes sat caneee nincdweeueuens 0.407 


EES eg MR tN anh eS NTRS at Rn ae 1 689 


On April 11, when the dog was in the calorimeter, 1.466 grams 
of N were eliminated between the hours of twelve and five o’clock. 


IV. GENERAL STATISTICS. 


In the above research, various amino-acids have been given 
under such conditions that their action during the second to fifth 
hours after ingestion are strictly comparable. The following table 
gives a summary of the results. 
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Table indicating the specific dynamic action of various amino-acids, sepa- 
rately, together and compared with meat, during an interval of four hours. 





| 
100 CALORIES 


| | OF INGESTA 
itll | CALORIES OF | CALORIES OF cote - CAUSES 

. | INGESTA | METABOLISM | METABOLISM | INCREASE IN 
|METABOLISM IN 


CALORIES 








25 grams glycocoll 
(4.66 grams N).......) 
20 grams alanine 
(3.14 grams N).......| 
20 grams glutamic acid 
(1.90 grams N) 
20 grams leucine 
(2.14 grams N) 
20 grams tyrosine 
(1.55 grams N) 
5.5 grams of each of 
above (3.46 grams N) 
100 grams meat 
(3 grams N) 


* Last hour estimated. 





25 CALORIES 
20 
S 
10 


























26 296. 206. 
FOOD NONE LIEBIGS EXTRACT GLYCOCOLL ALANINE 





















































Cuart 1.—Doe II. Hourly METABOLISM BEGINNING THE 88 
Heavy line—Calories calculated. Broken line-—Calories found. Dotted line—Mt 
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The preceding table shows that the simplest amino-acid, glyco- 
coll, has the most powerful action and that alanine also has a 
pronounced effect. Leucine and tyrosine, per gram of substance, 
exert about half the effect of alanine, while glutamic acid, with 
its two carboxyl groups, is without influence. The increase in 
the number of calories after giving 27.5 grams of the mixed acids 
is almost as great as when 25 grams of glycocoll were given. The 
accompanying chart shows many of the essential features of the 
work. 

The metabolism of the amino-acids was at a higher level when 
they were mixed together than when they were given alone, as is 
indicated by the following table: 


Urinary N from amino- 
acids, metabolized dur- 
ing five hours. 





‘ grams 
ig Cir ead cid eda va bus ale oS Suse BE EOS , 0.676 
Alanine.......... SA aa Ap ene Sapa 6 ie ore eee ae, a 0.801 
eh ian ee ed ee el, 0.613 
EELS Dg IRAE git cli om Ee 2 ROCs cg ES ORE 0.508 

RESPIR ey her CR ee OS ee A 0.0 
ee ss yg wed 4p 60a 1.084 

wag is 
= o 

= ae ~~ ae ae ey ee 





Lo oy. See iOS OR ee fae coy Soe ee Coy Geet Gl) 30s Gtmb Pete cee ae Fock 
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Another point of general interest is that the ingestion of Liebig’s 
extract alone or with glutamic acid did not cause a rise in body 
temperature, whereas those amino-acids which strongly increased 
metabolism also caused the body temperature to rise. 


V. SUMMARY. 


Near the end of paper two, the following statement was made 
with regard to metabolism after meat ingestion: “The intensity 
of the metabolism must be due either to the intensity of the inter- 
mediary processes of protein metabolism itself, or more probably 
to the degree of mass action of amino-acids acting as stimuli upon 
the cellular protoplasm.”’ 

The first alternative accords with the opinions of Rubner, the 
second has been reached as the result of the present series of experi- 
ments. Rubner’s theory explained the facts revealed by his experi- 
ments. It appeared that in the breaking up of the variety of 
amino-acids constituting protein, free heat might be liberated 
which could in no wise be used as power for the machinery of the 
cells, whereas certain products of protein metabolism such as 
sugar could be so utilized. 

Although it is admitted that after giving meat or amino-acids 
to dogs, the metabolism has never been increased during a long 
period so that the increase could not have been derived wholly 
from the metabolism of the ingesta, yet there are many reasons 
which lead to the belief that the increased heat production is not 
entirely or even mainly due to intermediary processes taking 
place at the expense of ingested protein. 

The reasons for believing that incoming amino-acids, in pro- 
portion to their mass action, stimulate the cell substance to higher 
oxidation are as follows: 

1. After giving 1200 grams of meat, the metabolism during 
the second hour rose almost to its maximum height, although the 
urinary nitrogen reached only a third of its maximum (see paper 
two). The respiratory quotient for this period may be found to 
be over 0.90 and, therefore, it appears that carbohydrate and not 
additional protein is oxidized during this period. Calculated on 
the basis of the increase in urinary nitrogen, the specific dynamic 
action was 90. After giving 700 grams of meat to the same dog, 
the specific dynamic action for the same second hour was 139, 
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and for the third hour it was 106. In other words, the increase 
in heat production was greater during these hours than could 
have been derived from the extra protein metabolism of the time. 

2. After the ingestion of amino-acids, the most powerful effect 
was produced with glycocoll. After giving 25 grams of glycocoll, 
there was an increased heat production during a period of seven 
hours of experimentation which was equal to 70 per cent of the 
energy in the glycocoll ingested. However, the maximum increase 
in metabolism was reached as early as the second hour. To throw 
further light upon what happens, one must recall again the recent 
experiments of Folin and Denis" who show that, during the first 
hour after glycocoll ingestion, glycocoll is absorbed by the blood 
and is retained by the blood and muscle, but there is no urea for- 
mation until the second hour. During the second and immedi- 
ately following hours, urea constantly increases in the blood and 
increases in the muscle. This accords with the fact that after 
giving glycocoll no increased amount of nitrogen was found in the 
urine of the first hour, although the urine of the second hour con- 
tained an increased quantity. During this second hour the metabo- 
lism was raised by 5 calories, while the increased urea output 
indicated a metabolism of glycocoll which was the equivalent of 
only 0.73 calorie. During three hours the metabolism was raised 
15 calories, while the glycocoll metabolism could be estimated 
at only 3.15 calories, which was less than the increased heat pro- 
duction of the second hour alone. The process of deaminization 
and urea formation has nothing to do with this increase in metabo- 
lism, for there is no increased heat production when glutamic 
acid is oxidized. It seems, therefore, that the increase in metabo- 
lism during the second hour after giving glycocoll must be due to 
a direct stimulus upon the cells. 

The action of alanine is similar but less powerful than glyco- 
coll. Leucine also shows some effect. Tyrosine may influence 
the metabolism causing a slight increase during a four-hour period 
without causing any increase in the nitrogen output in the urine. 
This action may be interpreted in the light of the work of Folin 
and Denis” who showed that, although there was no increase in 
the urea content of blood or muscle three hours after adminis- 


11 Folin and Denis: loc. cit. 
12 Thid, 
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tration of tyrosine, yet by a colorimetric test they were able to 
unmistakably prove the presence of tyrosine, in both blood and 
muscle. 

3. A mixture, made up of 5.5 grams of each of the five amino- 
acids, glycocoll, alanine, glutamic acid, leucine and tyrosine, showed 
a more rapid metabolism of the constituent amino-acids than when 
they were given alone, and the effect on metabolism was as pro- 
nounced as that seen after giving 25 grams of glycocoll. It was 
greater than that of 100 grams of meat which contained about 
the same quantity of nitrogen. 

4. The influence of glycocoll and alanine are not due to the 
fact that they produce nausea, for urea solutions also produce 
nausea but have no effect on the metabolism. | 

The influence is not due to movements of the intestines, for 
Benedict and Emmes™ have shown that diarrhcea produced by 
saline cathartics does not influence metabolism. Nor is the influ- 
ence of glycocoll due to excitation of the digestive glands, for 
Liébig’s extract of beef, which is known to induce glandular activ- 
ity, is without influence upon the general heat production. 

5. Since glycocoll and alanine are completely convertible into 
dextrose in phlorhizin glycosuria, and since the production of sugar 
from protein has been shown to be a normal function (see paper 
two), it follows, from Rubner’s hypothesis, that glycocoll and 
alanine should exert no more influence upon metabolism than 
would a corresponding quantity of glucose. However, it has been 
shown that these two amino-acids, which are completely convertib!e 
into sugar, cause a very great increase in heat production. They 
do not act like sugar, into which they are convertible, but they 
act in virtue of their own special configuration. They do not act 
through the metabolism products which they form, for these are 
practically without effect as heat-increasing factors, but they act 
as stimuli upon the protoplasm with which they come in contact. 

6. The work of Howland" accomplished in this laboratory, has 
shown that an infant seven months old when given a modified 
milk administered in six equal portions during twenty-four hours 
and containing 3.58 grams of nitrogen in the day’s diet produced 
during sleep 14.91 calories per hour. When 30 grams of casein 


18 Benedict and Emmes: Amer. Journ. of Physiol., xxx, p. 197, 1912. 
1 Howland: Zeitschr. f. physiol. Chem., |xxiv, p. 1, 1911. 
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were added to this diet and the nitrogen of the ingesta was 7.85 
grams, the metabolism of the sleeping infant rose to 18.81 calories 
per hour, an increase of 3.9 calories or 26 per cent more than its 
former value. The casein added to the diet was the equivalent 
of 5.5 calories per hour. The urine of the period before the high 
protein diet contained 2.20 grams of N per day, and, during the 
day of the high protein diet, 4.46, an increase of 2.26 grams. This 
increase corresponds to 2.6 calories per hour. An increase in 
protein metabolism of 2.6 calories per hour brought about an 
increase of 3.9 calories in the metabolism of the sleeping infant. 
This is the only instance in which the metabolism may be seen to 
be permanently raised above the calorific value of the extra protein 
metabolism. The explanation may lie in the fact that the youth- 
ful protoplasm is more sensitive to stimuli than that of the adult. 
In Dog I, the basal metabolism was 759 calories per square meter 
of surface in twenty-four hours, in Dog II it was 784, in a dwarf 
nineteen years old it was 840, whereas in sleeping infants of three 
and seven months, it ranged between 1000 and 1100. These results 
could be obtained on account of comparable conditions of perfect 
rest. 

As a final conclusion, it may be stated that the increase in 
metabolism after the ingestion of meat is due to the mass action of 
amino-acids acting as stimuli upon the cellular protoplasm. 
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25 grams glycocoll in Liebig’s extract 
at noon. 


25 grams glycocoll in Liebig’s extract 
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5.18 | 4.01 | 0.94 | 3.50 2.28 13.96 19.74 | 19.45 | 38.25 
4.60 | 3.48 | 0.96 | 3.50 2.80 12.17 18.47 | 19.19 
4.12 | 3.26 | 0.92 | 3.50 | 5.15 11.29 | 19.94 | 19.39 
“ | 3.50 5.23 (19.26) | 19.26 
| 14.00 15.46: | 77.41 | 77.29 
3.92 | 2.72 | 1.05 | 3.50 | 1.62 10.09 15.21 | 15.49 37.69 
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37.81  +0.02 | 
| | 
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glutamic acid 
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III. General statistics 
IV. Summary 


I. INTRODUCTION. 


It was recognized by Rubner in his book Die Gesetze des Ener- 
gieverbrauchs (p. 410) that, when mixtures of food-stuffs were 
given, the total heat production in the dog was not the sum of 


1 The urinary analyses of the fifth and sixth papers were accomplished 
by Miss Mary B. Wishart. 
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the increases which each food-stuff would have brought about 
had it been given alone, but was considerably less. Rubner 
explained this on the theory that the small amounts of protein 
ingested replaced that metabolized in fasting and, therefore, did 
not exert a specific dynamic action. He added that he did not 
deny the possibility of another explanation, it being conceivable 
that mixtures reacted specifically, or that one material, to a cer- 
tain extent, took over the function of another. 


Il. EXPERIMENTAL PART. 


The following experiments, for the most part originally planned 
to show the effect of amino-acids in metabolism, throw a definite 
light upon this subject. It was found that a mixed diet almost 
or quite masked the effects of ingesting amino-acids. Therefore, 
the method of giving these substances in Liebig’s extract as de- 
scribed in the last paper was resorted to. The detailed results 
of all the experiments are shown in Table I. 


A. The standard diet. 


The standard diet was a mixture consisting of 100 grams of 
biscuit meal, 20 grams of lard and 100 grams of meat, to which 
were added 10 grams of bone ash. It was given daily (with a few 
exceptions) between October and May and sufficed to maintain 
Dog II at a nearly constant weight of 9.5 kgm. The composition 
of the lard was estimated but analyses were made of the biscuit 
meal and the meat of beef heart. The following table has been 
computed as a result of these analyses. 


Composition of the standard diet. 


GRAMS CALORIES 
DIET - - rs oo — 
NT | Carbo- arbo- 
N Protein Fat hydrate Protein Fat Total 


hydrate 


100 grams biscuit meal. 2.25 14.18 *4.79 73.0 62.4 .44.5 299.5 400.4 





20 grams lard......... 19.00 (178.6 178.6 
100 grams meat........| 3.00 | 18.25 *3.00 75.0 | 28.2 103 .2 
Total................| 5.25 | 32.43) 26.79 73.0 |137.4 | 251.3, 299.5, 688.2 


EES TOT 20 36 44 


* Ether extract. 
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This diet, which contained 688.2 calories or 1380 per square 
meter of surface per day or 28.7 calories per hour, was needed to 
maintain Dog II during six months in equilibrium of substance. 
The dog, for the most part, lived in a dog-room at a variable tem- 
perature and exercised freely; his energy production, asleep and 
eighteen hours after food ingestion, was but 16.2 calories an hour 
or 388.8 calories and 784 per square meter of surface per day at 
an environmental temperature of 26° to 27°. This shows that 
an increase of 70 per cent takes place in the metabolism of the 
dog, which is due to the effects of food ingestion, to mechanical 
work and to thermal influences encountered during twenty-four 
hours. During one period, on the 21st, 22nd and 23rd of Novem- 
ber, the urine of the day was collected and found to contain 4.44, 
4.27 and 4.44 gram of nitrogen or about 0.18 gram per hour. 

The following paper concerns itself with the effects produced 
by this diet and by variations of it, during the first hours after 
its ingestion, the dog being quietly resting at an environmental 
temperature of 26° to 27°. 

The results of the ingestion of the standard diet are here pre- 
sented: 

Experiments & and 10. 


Standard diet at noon. 


CALORIES CALORIES 


ON-PROTEIN 


o | “ 
fe Cal- 


Cal- 
niated Found 


yn 
culated Found 


» 


| N IN URINE 
N IN URINE 
NON-PROTEIN 


| N 


A 


*10.00—11.00 a.m. 0.133 0.86 14.54 
Intermission | 
1.00-2.00 p.m. 0.194 0.90 | 23.37, 23.41 0.182 0.93 22.82 21 
2.00-2.00 0.230 0.96 | 22.78 22.85 0.215 0.89 | 24.87, 22 
3.00-4.00 0.208 0.98 23.01 22 


Oe 46.15, 46.26 70.70 65.95 
be 23.08 23.56 





* Details in third paper. 
Following the ingestion of the standard diet, the metabolism 
during the second to fourth hours shows an average heat produc- 


tion of 23.3 calories per hour. Since the basal metabolism has 
proved to average 16.2 calories per hour, the increase amounted 





— 
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to 7.1 calories or 44 per cent. From the respiratory quotient it 
is evident that the greater part of the oxidative processes was 
concerned with the metabolism of carbohydrate. 

The urinary analyses. Following the ingestion of the standard 
diet at noon, the urine was analyzed in hourly periods with the 


following results: 


Elimination of total N in grams after standard diet at noon. 


























TIME NOv. 23 NOv. 27 Nov. 29 JAN. 8 | pee. 12 DEc. 13 Lean A 
12.00-1.00 0.146 0.154 0.209 0.154 0.187 
1.00-2.00 0.142 0.174 0.202 0.182 0.194 
2.00-3.00 0.239 0.225, 0.247, 0.215 0. 230 
3.00-4.00 0.229 0.241 0.255 0.208, | 0.240 
4.00-5.00 0.251) 0.361 0.282 0.236 | 0.250 

Total...................... 1.007 1.155. 1.195 0.995'1.081*) 1.101/9.932+ 

*12 to 5.15 p. m. 712 to 5.09 p. m. PRLS SR eRe Ric 3 Berge 


It is evident, from this, that the hourly nitrogen output shows 
a constantly rising tendency. The values assumed for the calori- 
meter periods are approximate only, but it has already been set 
forth that a difference of 0.042 gram of nitrogen per hour makes 
almost no difference in the calculation of the heat production, 
and this latter is the essential point on the days when the calori- 
meter was used. 

When 100 grams of meat were given alone instead of with 100 
grams of biscuit meal and 20 grams of fat, the excretion of nitrogen 
in the urine was much more rapid as appears below (see also fifth 


paper) : 


April 9, 1912. Total N. 
ee ay dé eaeid skeen 0.208 
RRR RT I Oe mea gtk mre LAS aR REN Mae. Wt” 0.343 
NN i Bg el a ee Sa uy oe ae 0.397 
Sos re ae, ead al ere a ag te Ree ee eee 0.334 
es 33 oi 5 odtue dork wes ew ba Ae ER SSE aed LTA Ra ee Oe 0.407 

ce i Sa Nd ee ek oe ie eae 1.689 


This can be due (1) to a more rapid absorption of protein or 
(2) to a more rapid destruction of amino-acids within the organ- 
ism in the absence of carbohydrates. 
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B. The standard diet minus 67 grams of meat. 


Beginning December 2, only 33 grams instead of 100 grams of 
meat were for a time added to the standard diet. On December 
6 the metabolism was determined with the following results: 


Experiment 4. 


Standard diet minus 67 grams of meat at noon. 





CALORIES 
| Now vane i een 


Calculated | Found 


1.00-2.00 0.121 0.90 2. 
2.00-3 .00 0.121 0.89 22. 
3.00-4.00 0.185 0.91 23. 





6 20.47 
1 21.81 
6 22.99 


, aa ae 68 .42 65.27 
Ee ae 22.80 





Again, the greater part of the non-protein calories is obtained 
from carbohydrate. The metabolism is increased from the basal 
value of 16.2 calories to 22.8, a rise of 6.6 calories or 41 per cent. 

The metabolism is only 2 per cent less than the average metabo- 
lism after giving the full standard diet. The withdrawal of 67 
grams of meat is, therefore, almost without influence on the me- 
tabolism, although it has been shown in paper five that 100 grams 
of meat ingested alone caused the hourly metabolism to rise from 
16.2 to 20.2 calories, an increase of 4 calories or 25 per cent. 

The urinary analyses. See next section. 


C. The standard diet minus 67 grams of meat plus 20 grams of 
glutamic acid. 


In this experiment, 20 grams of glutamic acid were added to 
the diet last employed so that the 1.9 grams of N contained in 
the glutamic acid might replace the 2 grams of N contained in 
the 67 grams of meat withdrawn from the standard diet. The 
results of the calorimeter experiments were as follows: 








I~. 
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Experiment 6. 


Standard diet minus 67 grams of meat plus 20 grams of glutamic aeid at noon. 














| CALORIES 
TIME | NIN URINE ea add — oem 
Calculated Found 
1.00-2.00 | 0.185 | 0.95 22.32 22.42 
2.00-3 .00 0.184 | 0.95 22.30 | 22.37 
3.00—-4.00 | 0.205 | 0.95 23.26 | 23.08 
4.00-5 .00 0.239 | 0.96 23.98. | 21.62 
ot? a | 90.80 89.49 
Ce re | | | 22.70 


The heat production is mostly at the expense of carbohydrate. 
The addition of glutamic acid was without influence upon the 
metabolism, which was measured as 22.7 calories per hour in 
contrast with 22.8 calories obtained before. This accords with 
the results shown in paper five, which demonstrated that glutamic 
acid exerted no influence upon heat production. 

The urinary analyses. The analyses of the urines eliminated 
after giving the standard diet minus 67 grams of meat with and 
without 20 grams of glutamic acid are shown below. 


Total N in urine after standard diet minus 67 grams of meat. 





PLUS 20 GRAMS GLU- 








TIME | DEC. 4 aoe : DEc.6 |— eae - 

DEC. 14 —s 
12.00-1.00 | 0.150 | 0.101 | 0.107 
1.00-2.00 | 0.135 | 0.122 | 0.185 
2.00-3.00 0.184 | 0.122 | 0.197 
3.00-4.00 0.205 0.185 | 0.250 
4.00-5.00 | 0.239 | 0.157 | 0.275 

Totals..................| 0.913] 0.642*| 0.687 | 1.014 | 0.8707 

ae ee? fy oe : 


The value obtained on December 15 was not sufficient to indi- 
cate with certainty that there was any extra excretion of nitrogen 
during five hours after the ingestion of the diet containing 20 
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grams of glutamic acid. The urine of the period ¢ontained 0.807 
gram, of which 93 per cent was urea plus ammonia nitrogen. 

From January 2 to 4, the standard diet was given at six p.m.; 
at noon on January 3, 50 grams of dextrose were ingested and 
two days later 50 grams of dextrose plus 20 grams of glutamic 
acid were administered. The following table shows the quan- 
tity of total nitrogen in the urine. 


JANUARY 3 JANUARY 5 


50 GRAMS DEXTROSE + 
20 GRAMS GLUTAMIC ACID 





50 GRAMS DEXTROSE 





12.00-1.00 0.067 
1.00-2.00 0.111 
2.00-3 .00 0.198 
3.00-4.00 0.188 
4.00-5.00 0.149 


0.7273* 


» RAR ape 


0.713 





*12 to 5.20. 


Since the nitrogen of glutamic acid readily appears in the urine 
of a phlorhizinized dog or in the urine of a dog which has been 
given it with Liebig’s extract, it seems that, when given with 
sugar, it must either (1) spare protein from destruction or (2) 
form a synthetic compound with carbohydrate either with glucose 
or with glycogen within the organism. This accords with the 
work of Liithje, Murlin and others (see second paper). 

In the calculation of those experiments in which glutamic acid 
was given with a mixed diet, the N elimination was attributed to 
protein metabolism. 

Summarizing the total nitrogen excretion for five hours thus 
far discovered, the following results are found: 
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TOTAL N 








DATE TIME DIET 
Jan. 30, 1912 | 12.00-5.00 | No food | 0.650 
Apr. 9, 1912 | 12.00-5.00 | No food 0.660 
Nov. 23, 1911 | 12.00-5.00 Standard diet 1.007 
Nov. 27, 1911 | 12.00-5.00 Standard diet | 1.155 
Nov. 29, 1911 | 12.00-5.00 | Standard diet | 1.195 
Nov. 12,1911 | 12.00-5.15 | Standard diet | 1.081 
Nov. 13, 1911 | 12.00-5.00 Standard diet | 1.101 
Jan. 8,1912 | 12.00-5.00 | Standard diet 0.995 
Jan. 9,1912 | 12.00-5.09 Standard diet | 0.932 


Dec. 4,1911 | 12.00-5.00 Standard diet—67 grams meat 0.913 
Dec. 5, 1911 | 12.00-5.06 Standard diet—67 grams meat 0.642 
Dec. 6,1911  12.00-5.00 | Standard diet—67 grams meat _—— 0.687 
Dec. 14,1911 | 12.00-5.00 Standard diet — 67 grams meat 
+ 20 grams glutamic acid 1.014 
Dec. 15,1911  12.00-5.10 Standard diet — 67 grams meat 
+ 20 grams glutamic acid 


0.870 

These experiments, by themselves, would confirm Rubner’s view 
that the specific dynamic action of protein does not appear when 
protein is added to a mixed diet, because the added protein merely 
tends to replace the ordinary wear and tear quota of protein 
metabolism and is not quickly destroyed as happens when it is 
ingested alone. Hence, small variations in the amount of pro- 
tein ingested would cause no change in the metabolism, as indeed 
these experiments tend to indicate. 

The following work, however, establishes another view-point. 


D. One-half portion of the standard diet. 


It has been shown that the ingestion of the standard diet with 
its 100 grams of meat or the same with only 33 grams, or, 33 
grams of meat plus 20 grams of glutamic acid, resulted in the 
same metabolism. It was decided to reduce the quantity of food 
that the action of the amino-acid in metabolism might be more 
strongly revealed. To this end, the standard diet was divided 
into two portions, Portion I and Portion II, each containing 50 
grams of biscuit meal, 10 grams of lard and 5 grams of bone ash; 
in addition, Portion I contained 33 grams of meat while Portion | 
II contained 67 grams of meat. Portion I was used exclusively 
as the diet for the experimental period and was given at noon 
daily, while Portion II was given at 6 p.m. 
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E. Portion es 





The influence of a half-portion of the standard diet known as 
Portion I, is shown in the following experiments: 


Experiments 25 and 27. 


Portion I at noon. 










| Zz Zz 
| - - CALORIES 1 - CALORIES 
TIME = Eo — = Eo 
2 om | eed Found . le ne Found 
1. 00-2. 00 0. 202 0. 90 22.59 22.75, 0.136, 0.91 20.71, 21.13 
2.00-3 .00 0.260, 0. 84 | 24.39 23. 46 0.161 0.92. 20.77, 21.44 
3.00—4 .00 0.278 0. 80 | 20.54 20.20 0.213 0.80 21.95 19.69 
4.00-5.00 0.248 0.91 | 18.24 18.70 0.188 0.96 17.86 20.04 
5.00-6 .00 | 0 


.188 0.86 21.88 20.25 





MU iy adinness head | 85.76 85.11 103. 17 102. 55 
og 21.44 20.63 
























Since the dog moved during a peried of eight minutes, between 
two and three o’clock in Experiment 25, thereby causing the me- 
tabolism to increase 2 calories during this hour, the value 20.6 
calories per hour, as found in Experiment 27, may be accepted 
as the true level of metabolism during the second to sixth hour 
after the ingestion of Portion I. The increase above the basal 
value of 16.2 calories was, therefore, 4.4 calories or 27 per cent 
per hour. For the whole period, the increase amounted to 22.7 
calories. It may here be recalled that 50 grams of dextrose given 
to this same dog, increased the metabolism 20 per cent in the 
second hour after its ingestion, but it caused a total increase of 
only 8.8 calories. Portion I, consisting of 50 grams of biscuit 
meal, 33 grams of meat and 10 grams of fat, has a more powerful 
and more prolonged influence over the production of heat. To 
what can this be attributed? In part perhaps to the more pro- 
longed period of absorption due to the time required for the diges- 
tion of starch. This is illustrated by the fact that the respiratory 
quotient indicates that carbohydrate is not so much a dominat- 
ing factor in the metabolism as when 50 grams of dextrose are 
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ingested. The influence of other factors will be made clear in 


later experiments. 
The urinary analyses. The following analyses were made of 


the urine after giving Portion I to the dog: 


Urinary Analyses after Portion I at noon. 











| 


| FEBRUARY 12 | FEBRUARY 13 MARCH 5 MARCH 19 
cas TOTAL onna+| : TOTAL UREA + TOTAL |UREA + rorat jvana + 
No NHN N NH:-N N NHs-N) N (NH:3-N 
12.00—1.00 0.177 0.168, 0.129 0.113 0.168 0.167 0.132 0.107 
1.00-2.00 0.202) 0.187 0.136) 0.126 0.208 0.192) 0.199 0.177 
2.00-3 .00 0.260, 0.251 0.161 0.148 0.324 0.317) 0.225 0.201 
3.00-4.00 0.278 0.255 0. 213 0.201 0.274 pepe 0.209 0.182 
4.00-5 .00 | 0.248 0.225 0.188 0.179 0.244 0.223) 0.197 0.177 
5.00—6.00 | 0.298 9. 195 0.187 0.177 
coi d's sss U1. 165, 1. 086 0. 927 0.767 L. 436 1. 344 1.149 1.021 

: 93 | 93 88 


ge | 93 


On February 14, in Experiment 25, the urinary nitrogen between 
12.00 and 5.06 p.m. amounted to 1.07 grams, as against 1.19 grams, 
based on the figures obtained on February 12. On February 27, 
in Experiment 27, the urinary nitrogen was 1.039 grams between 
12 and 6.06 p.m. as against 1.035 grams of nitrogen calculated 
for the same period of time on the basis of the figures obtained 
on February 13. These figures were adopted on the respective 
calorimeter days. 


F. 50 grams of biscuit meal. 


It was deemed of interest to note the effect of a part of Portion 
I. Whenever a part of the standard diet was given at noon, the 
remainder was always ingested at 6.00 p.m. the same day. The 
influence of the ingestion of 50 grams of biscuit meal given alone 
is shown in the following: 
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Experiment 30. 


50 grams of biscuit meal at noon. 

















CALORIES 
TIME | NIN URINE mie (Ue 

Calculated Found 

1.00-2.00 0.182 1.00 18.75 18.54 

2.00-3 .00 0.182 0.96 18.58 18.15 

3.00-4.00 0.182 0.98 19.31 18.69 

4.00-5.00 0.182 0.88 19.95 18.35 

, PS 76.59 73.73 
. 2 19.15 
















It is evident from the above, that the 50 grams of biscuit meal 
induces a metabolism of about 19.15 calories per hour, in con- 
trast with 16.2 calories without food and 20.6 calories with Por- 
tion I. 

The urinary analyses. On February 23, 50 grams of biscuit 
meal were given at noon and the urine was collected in hourly 
periods and was analyzed with the following results: 

















Time. Total N. 
I a ee Soka Le he eR Go) ing 2 ae oda dh hee owt 0.104 


SO Seiad TORTS Cetera bap i bew a6 c6e eR En cep wena te 0.149 
ted faded Uc tMeNES Ss 4 mk oh ods Od OP RED as AeeE 0.160 
PS ae iit DUNNE oh hc Gd then d9 poe S<ebh <40bs 0.66 se eke 0.146 


CREE gee A Coes eA as el an ee as Ee Re 0.154 
BARRA ROR Se Dyas ath ay eh Ae eid eal Sed SemNet ee 0.713 





On the day of the experiment, however, the urine between 
noon and 5.05 p.m. contained 0.930 gram N or 0.182 per hour. 
The comparative constancy of the results in hourly periods be- 
tween one and five o’clock in the first experiment, led to the appor- 
tionment of the nitrogen of the calorimeter period equally among 
the several hours of the calorimeter experiment. 


G. 50 grams of biscuit meal plus 10 grams of lard. 





The results obtained after giving 50 grams of biscuit meal plus 
10 grams of lard are given below: 





~ green ieee tea 





ne meena 0 emma ne mata ‘ ine J 
PF asda Na Ca Bs cleat ae RSS EGE, bebe tina meuscheieiiinn f 


Lo oe 
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Experiment 31. 
50 grams of biscuit meal plus 10 grams of lard. 











| CALORIES 
TIME | NIN URINE gee 4 Ha 
Calculated | Found 
1.00-2.00 0.140 | 0.90 17.37 17.99 
2.00-3 .00 0.166 | 0.93 19.79 18.62 
3.00-4.00 0.166 | 0.90 20.09 | 19.47 
Re ReaD | 57.25 | 56.08 
19.08 


re 


The result of this experiment shows that the heat production 
is uninfluenced by the addition of 10 grams of lard to 50 grams of 
biscuit meal. The respiratory quotient is lowered by the inges- 
tion of fat but Rubner’s isodynamic law holds true, and the total 


heat production is not increased. 
The urinary analyses. On February 28, the urine showed the 


following analytical results after giving 50 grams of biscuit meal 
plus 10 grams of lard: 





Time. Total N. 
NN gta ae es ll ne Mc lee a a a ee 0.1306 
PRR RCI Be EO RENE RR or Be RE I 0.2078 
Si, na 5 5 Su eh ag be an ee SUR Re te EEK OOO OES 0.2585 
ho 54 eee a elite Peel yas Te ad see aeweell 0.2503 
SRE SR iad DERE ENE Slane ie hike Sa Sey Ae van Sates 0.8470 


Since the urine of February 29 during the period from noon 
till 4.07 p.m. contained only 0.677 gram of nitrogen, nitrogen 
values obtained after giving 50 grams of biscuit meal on February 


27 were employed. 


H. Analysis of the effect of Portion I, 


The following table summarized the results obtained after giv- 
ing Portion I and fractions thereof: 


N IN URINE CALCULATED 


atid PERHOUR | PER HOUR 
NOR EL tno eam Sate ee a ee ee 
50 grams biscuit meal.....................-.... 0.182 | 19.15 
50 grams biscuit meal + 10 grams lard.......... 0.164 | 19.08 
| 
| 


50 grams biscuit meal + 10 grams lard + 33 grams 


20.63 _ 
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It is evident that the addition of a small quantity of fat has 
no influence on the heat production, whereas as small an amount 
of meat as 33 grams very considerably increases the metabolism. 
The increase in metabolism caused by meat ingestion is, however, 
in no way accompanied by an increased protein metabolism as 
indicated by comparison of the average hourly output of urinary 
nitrogen during the calorimeter periods. It has already been 
shown in the last paper, that 100 grams of meat (3 grams N) 
caused the production of 20.2 calories per hour in this dog, so 
that it may be that the amino-acids from 33 grams (1 gram N) 
of meat, together with those contained in 50 grams of biscuit 
meal (1.1 grams N), may be largely determinative of the height 
of metabolism (20.6 calories) when Portion I is given. This 
would be true if the cells were stimulated to increased oxidation 
by amino-acids. In presenting this idea, it is not forgotten that 
Rubner’s interpretation, as regards the cause of the rise in heat 
production, also explains the phenomenon. 

The truth of the matter, however, was to be laid bare after the 
completion of experiments involving the ingestion of amino-acids 
with Portion I. 


I. 20 grams of glutamic acid plus Portion I. 


As was to be expected from the former work, glutamic acid 
showed no power to increase metabolism when it was given with 
Portion I. The results of an experiment illustrating this is given 
here: 

Experiment 26. 


20 grams of glutamic acid plus Portion I at noon. 





CALORIES 


N IN URINE NON-PROTEIN 


Calculated Found 








0.202 | / 20.80 21.66 
0.260 19.08 19.76 
0.278 | fi 18.69 18.11 
0.248 | . 21.96 19.76 








80.53 | 79.29 
Pee mewe.s......... , 20.13 


Lone ste . saith 
ety nee 7 


PN pein th cetyl EN 


ee ee 








Spa aemnpann emmy nna . 
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The value 20.13 calories per hour agrees well with 20.6 calo- 
ries found with Portion I alone on February 19. 

The urinary analyses. The same condition of affairs as was 
found to exist after giving glutamic acid with the standard diet, 
was revealed in the analysis of the urine after giving Portion I 
with glutamic acid, that is to say, there was no certain increase 
in the amount of nitrogen in the urine. This is shown in the 
following: 


Urinary analyses after giving Portion I plus 20 grams of glutamic acid at noon. 





FEBRUARY 15 FEBRUARY 16 
TIME : a ee ee eee “4 ' 
sora N beams” J NHs scent N eeu 3 NHs 
10 .00-11 .00 0.103 0.139 
Intermission 
12.00-1 .00 0.123 0.107 
1.00-2.00 0.157 0.143 
2 .00-3 .00 0.208 0.184 
3.00-4.00 0.180 0.156 
4.00-5.00 0). 282 0.262 
, SET, Sean 0.950 0.852 1. 234* 1.130 
3, ESR ane 89 9] 


* Urine from noon to 5.08 p. m. 


Although the urine obtained on the calorimeter day, contained 
more nitrogen than on the day previous, it did not contain more 
than on February 12, when Portion I alone was given. The 
hourly figures of February 12 were, therefore, adopted as repre- 
senting the protein metabolism of February 16. On the latter 
date 7.15 grams of N were given including that contained in Por- 
tions I and II and 20 grams of glutamic acid, while during the 
twenty-four hours from noon till noon of the next day only 3.79 
grams were eliminated in the urine. It does not seem possible 
that thé explanation of this is due to non-absorption of glutamic 
acid, for given with Liebig’s extract it is freely absorbed; nor is 
it probable that it can be stored without change, for this result 
was obtained on the second consecutive day of its administra- 
tion.? 


2 The matter has not been followed to a conclusion, but it may be possi- 
ble that glutamic acid favors synthetic construction of new protein. 
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J. 20 grams of alanine plus Portion I. 


In paper five it was shown that the ingestion of 20 grams of 
alanine with Liebig’s extract of meat caused a rise of heat pro- 
duction from 16.2 calories to 19.2 calories per hour extending 
through the fifth hour. To the same dog, Portion I with 20 
grams of alanine was administered with the following results: 


Experiments 34 and 82. 


20 grams of alanine + Portion I at noon. 


CALORIES 


Total 
Amino- Non- 


acid protein Cal- 
culated Found 


Protein 


AMINO-ACID N 


PROTFIN N 
NON-PROTEIN 


1.00-2.00 0.212 0.047 5| 5.63 0.91 12.03 18.57 21.19 


So 
© 


.00-3 .00 0.225 0.169 0.86 | 5.98 3.27 11.29 20.54 20.84 
.00-4 .00 0.209 0.242 1.05 | 5.55 4.67) 9.12 19.34 21.68 
.00-5 .00 0.197 0.220 0.83 5.: 4.25 | 11.07 20.53 21.08 
3. 00-6 .00 0.187 0.136 0.92 | 4.95 | 2.62 | 13.92 21.49 22.7 


ME bot ia iGme oo ace 27.32 15.72 57.43100.47 107.55 
Pe nn eds e's 20.09 


The experiments presented here should be compared with Ex- 
periments 25 and 27 when Portion I was given without the addi- 
tion of alanine and in which the metabolism was 21.4 and 20.6 
calories per hour. There is no increase in metabolism due to the 
addition of 20 grams of alanine to Portion I. In paper five, it was 
estimated that 15.46 calories were liberated from alanine metabo- 
lized in four hours after the administration of 20 grams of the 
substance in Liebig’s broth. In the present experiment, the esti- 
mated increase is 15.7 calories for five hours. Although alanine 
was certainly metabolized, it exerted no “‘ specific dynamic” influence 
when given with the mixed diet which produced a total metabolism of 
20.6 calories per hour, although administered alone it raised the me- 
tabolism from the basal value of 16.2 to 19.2 calories per hour. 

The urinary analyses. After adding 20 grams of alanine to 
Portion I, the urinary nitrogen nearly doubled in quantity although 
no such effect was obtained with glutamic acid. The results 
are given below: 
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Urinary analyses after giving Portion I plus 20 grams of alanine at noon. 





Marcu 1* Marcu 4 





TOTAL N 


Tora N | wana t NHs 


| UREA + NHs 
N 








0.234 0.181 | 0.260 | .218 
0.234 {| 0.181 | 0.260 | 174 
0.396 | 0.289 | 0.466 | .369 
0.396 | 0.289 | 0.519 | 409 
0.460 | 0.369 —§ 0.484 | .379 
0.460 | 0.369 | 0.338 | 295 





RI i 2.180 | 1.678 2.327 | 1.844 
I aos is aoa bk wos | 77 79 





* The urine of this day was obtained in periods of two hours each. 


On March 7, Experiment 32, and on March 9, Experiment 34, 
when the dog was in the calorimeter, the following urinary analy- 
ses were made and are compared with the figures obtained on 
March 4, as given above: 





UREA 7 NHs PER CENT 


DATE TIME TOTAL N | 





March 7 12.00-6.00 2.564 | 1.995 78 
March 4 12.00-6.00 2.327 | 1.844 79 
March 9 -12.00-4.00 1.397 0.971 70 


March 4 | 12.00-4.00 | 1.505 1.170 | 79 





The nitrogen figures found on March 4 appear, therefore, to 
be a trustworthy indication of the results on the days when the 
dog was in the calorimeter. To determine the hourly protein 
metabolism, the nitrogen figures obtained when Portion I was 
given on March 19 were adopted. To determine the metabo- 
lism of alanine, the difference between the urea plus ammonia 
nitrogen figures obtained on March 19 after giving Portion I 
and the urea plus ammonia nitrogen after giving Portion I plus 


alanine on March 4, was calculated, and with the following results: 


N of alanine 
Time. metabolized. 


SR gah 3 dee nd gh PRESS OS heen -6 bce Niginsthecks 0.122 
IIo: 5. cine ov hiy RAM dg eal Dd Wk Gale 3 sss lew hi ddan Pup bc aoee 0.047 
i i a cock hp Bs oleae heen Va coher cease Ean ae eee 0.169 
eS 0 Siro. csruaw a RAN TER SUS «9 Fo are terme ee 0.242 
MR iS Sas nk Ga es eB k ep ER ESE LbS dom belcs no eae 0.220 
III i's ies cv. 2 Wn a 6 Wd a ec aie FON TA Ah ad hig ee ere ean 0.136 


tnt OS re a Sea CI IE PP AS 0.936 
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The figures were adopted in the hourly computations in Experi- 
ments 32 and 34. The objections to the method were discussed 
in paper five. 


K. 20 grams of glycocoll plus Portion I. 


The results obtained after giving 25 grams of glycocoll were 
shown in paper five. The metabolism rose from 16.2 calories 
to 21.8 and 22.8 calories’ per hour during the second to fifth 
hours after its ingestion. In the following experiments, 20 grams 
of glycocoll were given with Portion I with the following results: 


Experiments 35 and 87. 


20 grams of glycocoll plus Portion I at noon. 





CALORIES 


Total 
Amino- Non- = % 
aci protein a 
micas | Found 


| Protein) 


| 
| 
| 
{ 


AMINO-ACID 


PROTEIN N 
N 


be wee 


RINARY 


= 


| oe 


| U 


1990.01 0.95 | 5.41 
0.090 0.89 | 5.98 | | 23.31) 21. 
| 0.130, 0.86 | 5. , .15, 24.92) 22.1: 
7 0.222 0.93 | 3: | .75, 21.16, 20. 





| 21. 98 92 5: 


| 
| 
| 


ere 
SEBS 


1 





Total . eee 22.09 27 | 64.01 91.37) 86.8 
Per hour. sees] | 22.85 21.7: 





1. 00-2.00 ' 0.091 0.91 5.41 90 93.17 
2.00-3 .00 | 0.2: 0.090 0.89 5.98 0.89 | 7.2% 24. 

3.00-4.00 0.130 1.06 | 5.49 | 1.2 .26 21.0: 
4.00-5 ..00 me 0.222) 0. ). 98 5.21 | 2.20 | 15.28 22.66 


bo bo bo te 
K cy 
m= DO bo bo 











, REE 22.09 ; 63.63 90.99 88.5 
Per hour.............| 99 75 22 9: 








In order to interpret these experiments, comparisons are made 
below between the results obtained with (1) Portion I alone, 
(2) Portion I plus 20 grams of glycocoll and (3) 25 grams of glyco- 
coll alone (see paper five). 
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Metabolism of Mixtures of Food-Stuffs 


The influence of adding glycocoll to a mized diet. 


CALORIES 


Calculated) Found 


Feb. 14 1 00-5. Portion I | 85.72 | 85.11 
Feb.19 = 1.00-5. Portion I | 81.29 | 82.30 
Mar. 13 1.00-5. Portion I + 20 

| grams glycocoll | 91.37 | 86.89 

| Mar. 19 1.00-5. | Portion I + 20 | | 
| grams glycocoll 90.99 | 88.88 
41  Mar.29 ~~ 1.005. 25 grams glycocoll | 87.33 | 82.66 
44 | Apr. 4; 1.00-5. | 25 grams glycocoll | 91.21 | 85.66 





The phenomenon a:ter glycocoll ingestion of a constantly higher 
calculated metabolism than that observed calorimetrically is ap- 
parent from these figures, but the cause is not easily explained. 
It becomes evident, from consideration of this table, that the 
addition of glycocoll to a mixed diet may slightly raise the heat pro- 
duction but it does not raise it higher than if glycocoll were alone 
ingested. This affords the proof that the amino-acid, glycocoll, acts 
in an entirely different manner in raising the heat production than 
do carbohydrate and fat. Glycocoll was almost as completely 
oxidized when given with Portion I as when given alone, the 
respective calories from glycocoll being at least 5.27 in the first 
instance (see urinary analyses) and 6.08 in the last. From this 
it may be concluded that the carbohydrate ingested had no 
influence upon the metabolism of glycocoll in the organism. 
Neither alanine nor glycocoll have shown any appreciable “ specific 
dynamic” influence when added to a mixed diet. 

The explanation is the following. The amino-acids act as stim- 
uli upon the cells, raising their power to metabolize (papers two 
and five). They may act instead of nerve stimuli when increased 
heat production is demanded in the presence of external cold, 
“the chemical regulation of temperature’ of Rubner. The energy 
liberated in response to these stimuli may be supplied by carbo- 
hydrate or by fat. 

When fat and carbohydrate are given separately or together, 
the heat production may also be increased on account of the in- 
crease in the quantity of materials available for the nutrition of 
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the cells in the sense of Voit. With the cessation of absorption 
and the return of the blood to its composition before food was 
given, the metabolism falls to the basal value as shown in paper 
three. 

The increased heat production after giving carbohydrate, must 
be accompanied by increased movement of the cell particles and 
cannot be due to extra-cellular oxidations, for amino-acids which 
act as stimuli when ingested, do not increase the metabolism under 
the conditions attendant upon the absorption of a mixed diet. 
The absorbed amino-acids, under these circumstances, merely 
encounter a level of cellular oxidation, which they, themselves, 
alone would induce, but to which they cannot further contribute. 

The urinary analyses. 'These were made exactly as in the experi- 
ments with glycocoll, and the calculations were based on exactly 
the same principles. The results were as follows: 


Urinary analyses after giving Portion I plus 20 grams of glycocoll. 























Marcu 11 
TIME a en + YR? = rynenmmenrs 
cova N vom t NHs 

12.00-1.00 0.233 | 0.194 

1.00-2.00 0.340 0.268 

2.00-3 .00 0.324 0.291 

3.00-4.00 0.337 0.312 

4.00-5.00 0.434 0.399 

5 .00-6.00 | 0.441 0.418 
a se 5 hb ok ic 2.109 1.882 
Per cent .........-.-..| | 89 





On March 13, Experiment 35, and on March 16, Experiment 
37, when the dog was in the calorimeter, the urine was analyzed 
and the results compared -with those obtained on March 11 are 
given below. 











DATE TIME TOTAL N oe? NHs | PER CENT 
March 13 12.00-5.09 1.895 1.860 98 
March [1 12.00-5.09 1.734 1.527 88 
March 16 12.00-5.08 1.859 1.727 93 
March 11 12.00-5.08 1.728 1.521 88 
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If one employs the urea plus ammonia N found on March 19 
as the basis of normal value when Portion I alone was given, then 
the increase in the urea plus ammonia nitrogen on March 11, 
due to glycocoll metabolized, would be: 


N of glycocol! 
Time. metabolized. 


I sis. Saidetin t's sia On edd OEM AVEL CCBA RAO 4 AMO 0.087 
> 50s pW inks ale sb w oe Pageants <ceeiae aad 0.091 
Ns ns os See yesh dhe eh Cos paed us 0 ee eee SOE 0.090 
3 .00-4. 

4.00-5. 


ME bade coe « 


These figures, which were adopted, must be regarded as mini- 
mal values on account of the very low value of urea plus ammonia 
nitrogen found on March 11. 

On March 19, when Portion I alone was given, the urea plus 
ammonia nitrogen amounted to 0.871 gram calculated between 
noon and 5.09 p.m. Deducting this value from the urea plus 
ammonia nitrogen found on the calorimeter days, March 13 and 
16, one obtains 0.989 and 0.859 gram of glycocoll N metabolized 
instead of 0.620 adopted for five hours. Recalculation of the | 
metabolism on the basis of the higher glycocoll figures, would 
have tended to reduce the ‘calories calculated” by an amount 
not exceeding 1 calorie during the four hours of the experiment. 


III. GENERAL STATISTICS, 


The following is a statistical summary of the results obtained 
during the first hours after the ingestion of the following diets: 
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CALORIES 





EXP. NO. DIET CALCULATED 
PER HOUR 

_ No food 16.2 
5 100 g. biscuit meal, 100 g. meat, 20 g. lard 23.1 
10 100 g. biscuit meal, 100 g. meat, 20 g. lard 23.6 
4 100 g. biscuit meal, 33 g. meat, 20 g. lard 22.8 

6 100 g. biscuit meal, 33 g. meat, 20 g. lard, 20 g. 
glutamic acid 22.7 
25 50 g. biscuit meal, 33 g. meat, 10 g. lard 21.4 
27 50 g. biscuit meal, 33 g. meat, 10 g. lard 20.6 
30 ° 50 g. biscuit meal 19.1 
31 50 g. biscuit meal, 10 g. lard pe & 

26 50 g. biscuit meal, 33 g. meat, 10 g. lard, 20 g. 
glutamic acid | 20.1 

32 and 33° 50 g. biscuit meal, 33 g. meat, 10 g. lard, 20 g. 
alanine 20.1 

35 50 g. biscuit meal, 33 g. meat, 10 g. lard, 20 g. 
glycocoll 22.8 

37 50 g. biscuit meal, 33 g. meat, 10 g. lard, 20 g. 
glycocoll 22.7 





IV. SUMMARY. 


1. A dog was given daily a maintenance or standard diet dur- 
ing a period of about six months. When the diet was given at 
six p.m., the basal metabolism on the following day, from noon 
till four o’clock, was found to be about 16.2 calories per hour. 
The ingestion of the standard diet, consisting of 100 grams of bis- 
cuit meal, 100 grams of meat and 20 grams of lard, brought about, 
during the first four hours, an average hourly heat production 
of 23.3 calories, an increase of 44 per cent above the basal value. 
Reduction in the quantity of meat ingested in the diet from 100 
to 33 grams, and also addition of 20 grams of glutamic acid to this 
modification of the standard diet, had no pronounced influence 
upon the heat production. 

2. Certain portions of the standard diet were given at noon 
and the rest at six in the afternoon. When this was done, it was 
found that 50 grams of biscuit meal induced a metabolism of 
19.1 calories per hour, which was unchanged by the addition of 
10 grams of fat to the diet. However, the further addition of 
33 grams of meat to the mixture of biscuit meal and lard caused 
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the metabolism to rise to 20.6 calories per hour. Since it has 
been found in other experiments that 100 grams of meat alone 
increased the metabolism from 16.2 to 20.2 calories per hour, it 
appeared possible that the amino-acids of the meat and of the 
biscuit meal might be the determining factor as to the height of 
the metabolism, when Portion I (50 grams biscuit meal, 33 grams 
meat, 10 grams lard) was given. 

3. Portion I given with 20 grams of glutamic acid, showed 
the latter to be without influence, 20.1 calories being produced 
per hour. Given with 20 grams of alanine, the metabolism was 
also uninfluenced, remaining at 20.1 calories per hour, although 
20 grams of alanine given alone raises the metabolism from 16.2 
to 19.2 calories per hour. When, however, Portion I was given 
with 20 grams of glycocoll, the metabolism rose to 22.7 and 22.8 
or to the same level found in experiments in which 25 grams of 
glycocoll were given alone. ; 

4. It seems that 20 grams of alanine given alone induces a 
metabolism of 19.2 calories, but given with a mixed diet which, 
of itself, establishes a metabolism of 20.6 calories, it is without 
effect. When 25 grams of glycocoll are given alone the heat pro- 
duction reaches 22.8 calories per hour, and when 20 grams were 
given with Portion I the heat production rose to a calculated 
value of 22.7 and 22.8 calories. It’ appears, therefore, that, in 
this case, the metabolism rose to the height which glycocoll alone 
would have induced. 

5. These results taken in connection with those of the fore- 
going papers, establish a more exact conception of metabolism. 
One may believe that a larger oxidation of fat and carbohydrate 
takes place when these substances are furnished to the cells in 
increased quantity during the absorption of food, as has been set 
forth in papers three and four. Addition of fat in moderate quan- 
tity, however, may not increase a metabolism already raised to a 
higher level by the ingestion of carbohydrate, Rubner’s isodynamic 
law controlling. Addition of meat or of amino-acids to a mixed 
diet does not increase the metabolism of fat and carbohydrate un- 
less the stimulus of the amino-acids would alone effect this result. 

One may conclude that there are the following forms of me- 
tabolism in the quiet or sleeping dog excluded from thermal influ- 
ences. (1) A basal metabolism, when the cells are nourished by a 
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blood stream which does not receive food from the intestinal tract 
but the composition of which is regulated by the organs of the 
body; (2) a metabolism due to plethora, induced by an increased 
quantity of carbohydrate or fat metabolites in the blood on ac- 
count of absorption from the intestine, and (3) a metabolism due to 
the stimulus of amino-acids. The metabolism of plethora and the 
metabolism of amino-acid stimulation cannot be added to each 
other; there is no summation of effect when both influences are 
brought into action simultaneously. In other words, the level 
of cellular oxidation induced by plethora is not further height- 
ened by the stimulus of amino-acids, unless the latter alone 
would accomplish such increase in activity. 

It is realized by the writer that the evidence here presented 
in favor of this conception of the manner of metabolism may be 
largely increased by further investigation, and he hopes that the 
future may hold opportunity for such work. 
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APPENDIX—TABLE 1. 


















































URINE NON-PROTEIN CALORIES 
v + AMINO- -——_—_—— tt Z ee ee 
ne | Os O: R.Q. | Protein | Amino” | procin |Calculated| Found s 
gram | gram gram 
| 6.53 5.29 | 0.90 5.14 18.3 | 2.27 | BA | 
we ay 4.77 0.96 | 6.10 16.68 | 22.78 | 22.85 | 
| 6.79 5.75 0.86 6.36 19.62 | 25.98 | 25.15 
| 7.33 6.05 0.88 6.63 20.78 | 27.41 | 26.75 
| 99.54 98.16 
| 6.64 5.18 0.93 4.84 17.98 | 22.82 | 21.13 | 38 
| 6.89 5.66 0.89 5.71 19.46 24.87 | 22.77 
6.71 | 4.98 0.98 5.51 17.50 | 23.01 | 22.05 
70.70 65.95 
6.93 5.63 0.90 3 19.40 | 22.61 | 20.47 | 37 
6.71 5.50 0.89 3.21 18.91 | 22.12 | 21.81 
| 6.82 5.44 0.91 4 18.79 | 23.69 | 22.99 
| 68.42 | 65.27 
| | | 
6.98 5.37 0.95 3.58 18.74 | 22.32 | 22.42 | 37 
6.56 5.00 0.95 4.88 17.42 | 22.30 | 22.37 
6.65 5.11 0.95 5.43 17.83 | 23.26 | 23.08 
6.24 4.74 0.96 6.34 16.58 22.92 | 21.62 
| — 90.80 | 89.49 
| 6.16 5.00 0.90 5.36 | 17.23 | 22.50 | 22.75 | 3 
| 5.94 5.16 0.84 6.88 17.51 | 24.39 | 23.46 
| 4.33 3.92 0.80 7.37 13.17 20.54 | 20.20 
| 4.22 3.38 0.91 6.59 11.65 | 18.24 | 18.70 
85.76 | 85.11 
| | 
| 6.16 4.95 0.91 3.61 17.10 | 20.71 | 21.13 | 3§ 
6.01 4.76 0.92 | 4.28 16.49 | 20.77 | 21.44 
5.35 4.85 0.80 5.66 16.29 21.95 | 19.69 
| 4.88 3.68 0.96 4.99 12.87 | 17.86 | 20.04 
| 5.87 4.95 0.86 4.99 | 16.89 | 21.88 | 20.25 





| 103.17 | 102.55 
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BODY TEMPERATURE 
MORNING 

















otal eee WEIGHT BEHAVIOR OF DOG FOOD AT NOON 
and Start End Difference 
kg. | 

3.41 38.20 38.31 +0.11 9.4 Very quiet 100 grams meat. 
2.85 | 38 .35 +0.04 | Very quiet 100 grams biscuit meal. 
9.15 38 .46 +0.11 | Moving 10 min. 20 grams lard. 
3.75 38 .54 +0.08 Moving 10 min. 
3.16 
L.13 38 .54 39.06 +0.52 8.9 Very quiet _ 100 grams meat. 
2.77 | 39.42 +0.36 Quiet | 100 grams biscuit meal. 
2.05 39.55 +0.13 Moving 3min. | 20 grams lard. 
>. 95 | 
).47 37.77 | 37.85 +0.08 9.4 | Very quiet 33 grams meat. 
|. 81 | 38.05 +0.20 Very quiet | 100 grams biscuit meal. 
2.99 | 38.24 +0.19 | Action 23 min. 20 grams lard. 
). 27 
2.42 37.89 | 38.08 +0.19 9.3 | Very quiet | 33 grams meat. 
 . 37 | 38.22 +0.14 Very quiet _ 100 grams biscuit meal. 
3.08 | «©-38.34 +0.12 Moving2min. | 20 grams lard. 
| 62 38 .32 —0.02 Very quiet _ 20 grams glutamic acid. 
).49 
2.75 38 . 66 38 . 67 +0.01' 9.2 | Very quiet 33 grams meat. 
3.46 | 38.78 +0.11 Moving 8 min. 50 grams biscuit meal. 
).20 | 38.86 +0.08 Very quiet 10 grams lard. 
3.70 | 38.84 —0.02 | Very quiet 
11 | 

| 
| .13 38.47 | 38.82 +0.35 9.5 Very quiet 33 grams meat. 
|. 44 38 .96 +0.14 ° Quiet 50 grams biscuit meal. 
).69 | 38.64 —0.32 Moving 1 min. 10 grams lard. 
).04 | 38.909 +0.26 Quiet 


).25 38.89 —0.10 Moving 4 min. 
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NON-PROTEIN CALORIES BODY TEMPERATURE 
CO: | 0: RQ. | Pee | ee lee ee | fem} Bee | De 
gram gram | 
5 .54 3.94 1.00 4.83 13.92 | 18.75 18.54 | 38.35 | 38.45 | 4 
5.21 3.93 | 0.96 4.83 13.75 | 18.58 | 18.15 38.52 | 4 
5.54 4.12 | 0.98 4.83 14.48 | 19.31 18.69 38.62 | 4 
5.32 4.41 | 0.88 4.83 15.12 | 19.95 | 18.35 38.60 | - 
| | 76.59 73.73 
4.91 3.96 0.90 . 3.72 13.65 | 17.37 | 17.99 *| 38.02 | 38.22 | + 
5.65 4.43 0.93 | 4.41 15.38 | 19.79 18.62 38.46 | 4 
5.61 4.55 0.90 | 4.41 15.68 | 20.09 19.47 | 38.52 | 4 
| | 57.25 | 56.08 | | 
6 .16 4.37 1.03 5.36 15.44 | 20.80 21.66 38.35 | 38.60 | + 
4).73 3.57 0.96 6.88 12.20 | 19.08 19.76 | 38.64 | 4 
3.41 3.44 0.72 7.37 11.32 | 18.69 | 18.11 | 38.45 | - 
5 .54 4.46 | 0.90 6.59 15.37 | 21.96 | 19.76 | 38.66 | + 
| : | 80.58 | 79.29 | | 
4 55 3.44 | 0.96 5.63 0.91 | 12.03 | 18.57 21.19 | 38.63 | 38.90 © 4 
3 .92 3.31 | 0.86 | 5.98 | 3.27 | 11.29 | 20.54 | 20.84 38.82  - 
3.41 3.34 | 0.74 | 5.55 | 4.67 | 11.05 | 21.27 | 21.78 | 38.96 +4 
| | | | 60.38 | 63.81 
| | | 
3).67 | 2.55 1.05 | 5.55 4.67 9.12 | 19.34 | 21.68 38.80 | 38.76 | - 
3].74 | 3.27 0.83 | 5.21 5.21 | 11.07 | 20.53 | 21.08 38.86 | 4 
5}.10 | 4.02 0.92 4.95 2.62 | 13.92 | 21.49 | 22.76 39.00 | + 
| | 61.36 | 65.52 
| | | 
5 .87 4.49 0.95 | 5.41 0.90 | 15.67 | 21.98 | 22.52 | 38.08 | 38.39 f+ 
5 .87 4.78 0.89 | 5.98 0.89 | 16.44 | 23.31 | 21.80 | | 38.29 | 
6. 27 5.32 0.86 5.49 1.28 | 18.15 | 24.92 | 22.13 38.28 | - 
5 .05 3.96 0.93 5.21 | 2.20 | 13.75 | 21.16 | 20.44 38.1] 
| 91.37 86.89 
6.09 4.88 0.91 5.41 | 0.90 16.86 | 23.17 | 22.05 | 38.01 | 38.04 | 4 
6/.17 | 5.01 | 0.89 | 5.98 | 0.89 | 17.23 | 24.10 | 22.25 38.01 | - 
5 .83 | 4.07 1.06 5.49 | 1.28) 14.26 | 21.03 | 22.59 | | 38.09 | + 
5.60 | 4.41 0.92 5.21 | 2.20 | 15.28 | 22.69 | 21.99 | $7.88 | - 
| | | 90.99° 88.88 | 





-stuff; s upon Metabolism. 








TEMPE RAqURE 


End 


38 .45 
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proven BEHAVIOR OF DOG FOOD AT NOON 
kg. 
9.4 Very quiet 50 grams biscuit meal. 
| Very quiet 
Moving 2 min. 
Moving 4 min. 
9.5 | Quiet 50 grams biscuit meal. 
Moving 1 min. 10 grams lard. 
_ Moving 2 min. 
9.4 | Quiet 33 grams meat. 
| Quiet 50 grams biscuit meal. 
| Quiet 10 grams lard. 
| Moving 2 min. 20 grams glutamic acid. 
| 
9.4 | Very quiet 33 grams meat. 
_ Quiet 50 grams biscuit meal. 
| Moving 4 min. 10 grams lard. 
20 grams ?-alanine. 
9.4 | Quiet 33 grams meat. 
| Moving 1 min. 50 grams biscuit meal. 
| Moving 2 min. 10 grams lard. 
20 grams 7-alanine. 
9.5 | Very quiet 33 grams meat. 
| Very quiet 50 grams biscuit meal. 
| Moving 4 min. 10 grams lard. 
| Moving 4 min. 20 grams glycocoll. 
| 
95 | Quiet 33 grams meat. 
| Quiet 50 grams biscuit meal. 
| Quiet 10 grams lard. 


Moving 1 min. 





20 grams glycocoll. 














ON THE CREATINE METABOLISM OF THE GROWING 
PIG.! 


By E. V. McCOLLUM anp H. STEENBOCK. 


(From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin.) 


(Received for publication, September 21, 1912.) 


In a series of recent papers Mendel and Rose? have shown that 
in fasting rabbits creatine appears in the urine in large amounts 
but disappears when the animal is fed a liberal supply of carbo- 
hydrate. They have also shown that, in dogs, after the store of 
glycogen is depleted by phlorhizin administration, creatine appears 
in the urine in significant amounts and when the glycogenic func- 
tion is disturbed by phosphorus poisoning creatine appears in 
large amounts. Feeding protein alone, fat alone or protein and 
fat did not prevent the excretion of creatine in these animals. 
They conclude that there exists an intimate relation between the 
creatine metabolism and the carbohydrate metabolism and that 
protein metabolism of the exogenous type does not lead to the 
formation of creatine. 

Howe, Mattill and Hawk® state that in a dog no appreciable 
increase in the creatine content of the urine was observed during 
the first sixty days of fasting. 

Rose‘ has observed that creatine was present in the urine of 
children under fifteen years of age in twenty-five out of twenty- 
seven cases examined, but not in urines from older persons. Indeed 
it is well known that creatine is but a casual constituent of the urine 
of normal adult mammals. All investigators agree that creatine 


1 Published with the permission of the Director of the Wisconsin Experi- 
ment Station. 

2 Mendel and Rose: this Journal, x, pp. 213-264, 1911. A full discussion 
of the literature is given by them. 

3 Howe, Mattill and Hawk: this Journal, xi, p. 97, 1912. 

* Rose: this Journal, x, p. 265, 1911. 
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appears in the urine of fasting men, rabbits and dogs but the 
amount present in the urine of the dog may be very little influenced 
by fasting.® 

Folin and Denis* have confirmed the observation of Rose respect- 
ing the presence of creatine in the urine of young children even 
when no creatine is taken in the food. They attribute the pres- 
ence of creatine to the high protein content of the children’s diet. 

It is difficult to reconcile the fact that children excrete creatine 
with the theory of Mendel and Rose that creatine does not result 
from the metabolism of exogenous or of reserve protein, but only 
from endogenous metabolism. Well-fed children take so much 
carbohydrate as to make one doubt whether a sufficient carbo- 
hydrate hunger could ensue (during the night) to account for the 
relatively high values regularly found for creatine. 

The present work was planned to throw light on whether crea- 
tine can originate from exogenous protein metabolism and, if so, 
what is the influence of the plane of protein intake on creatine 


TABLE I. 


Creatine and creatinine elimination during inanition in the pig. 
Weight of pig, 85 pounds. Urine preserved with a solution of thymol in 


toluene. Starvation started January 19. 


DATE VOLUME OF URINE TOTAL N CREATININE TOTAL CREATININE 


January 4 grams gram gram 

25 5é 713 0.898 0.898 

26 .906 0.916 0.900 

27 350 518 0.821 0.798 

28 216 .101 ? 0.829 

29 170 2.822 0.688 0.706 

30 184 2.903 0.745 0.745 

31 156 761 0.683 0.683 

174 2.470 0.655 0.655 

2 200 812 0.720 0.736 
~"Sicdacdhentia lanl Gaiieghs van Sieatba al Wionliy GiAGAlis Wis ani ob Saadg Ws 

preserved with picric acid in the volumetric flask. 

5’ Howe, Mattill and Hawk: loc. cit.; Underhill and Kleiner: this Journal 
iv, p. 165, 1908; Mendel and Rose: ibid., x, p. 213, 1911, give a discussion of the 
literature of creatine and creatinine metabolism; Dorner: Zeitschr. f. 
physiol. Chem., lii, pp. 239, 243, 1907. 

6 Folin and Denis: this Journal, xi, p. 253, 1912. 
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excretion when the energy metabolized remains constant. Pigs 
were employed as experimental animals. 

At the outset we were surprised to find that moderate fasting 
does not lead to creatine elimination in the pig. One of us has 
noted’ that after a few days on a diet of starch and salts the urine 
of growing pigs becomes creatine-free. We have conducted two 
experiments in which pigs were fasted for fourteen and sixteen days 
respectively without the appearance of appreciable amounts of 
creatine in the urine. Table I gives the results of one of these 
experiments. In the other case only the urines of the thirteenth 
to sixteenth days were examined and creatine was found to be 
absent. 

Of the different species of animals observed the rabbit seems to 
be the most sensitive to fasting, a high nitrogen and creatine out- 
put appearing in two or three days. It is a significant fact that 
Mendel and Rose® obtained the largest creatine elimination with 
the most poorly nourished rabbit during starvation. The dog is 
much less sensitive and from our observations it appears that the 
pig is still less so than the dog. The fact that a well-nourished 
pig can fast from fourteen to sixteen days without excreting 
appreciable amounts of creatine, sheds considerable light on the 
interpretation which should be put upon the observations on 
this point made upon other species. 

The most plausible explanation of these results would seem to 
be the assumption of different degrees of, ability to utilize fat as 
a source of energy. When the rabbit fasts, the total nitrogen 
rises rapidly indicating an increase in endogenous nitrogen 
catabolism.’ This does not happen in the dog except possibly in a 
slight degree and our own observations on fasting pigs have shown 
that the total nitrogen in the urine steadily falls to a very low level. 
On teleological grounds one might reason that, since the pig is one 
of the most efficient storers of fat, he might be expected to utilize 
it readily when necessary for energy production. This seems to 
be the case. The elimination of much creatine by the rabbit dur- 
ing fasting is unquestionably the result of increased tissue catab- 
olism due to his inability to draw his supply of energy from other 


7 McCollum: Amer. Journ. of Physiol., xxix, p. 210, 1911. 
§ This Journal, x, p. 222, 1911. 
* Cf. Mendel and Rose: ibid. 
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sources (fat). An endogenous origin of creatine seems therefore 
to be definitely established. In the dog, fat is oxidized or other- 
wise transformed for energy production with much greater facility 
than in the rabbit and the endogenous metabolism is therefore 
not greatly accelerated during starvation so long as fat is available. 
In the pig, since we find no creatine in the urine during the early 
stages of fasting (14-16 days), it would seem that fat is utilized 
so readily for energy production that no acceleration of tissue 
| catabolism takes place. The small amount of creatine of endog- 
enous origin, when the latter type of catabolism is at its minimum, 
i is destroyed in the body. All observers agree that on a liberal 
carbohydrate diet no creatine is excreted by any of the species 
referred to above. Our experience, in accord with others, shows 
that there exists considerable irregularity in the excretion of crea- 
tine on a uniform diet. This has been attributed to a destruction 
: of creatine by enzyme action. We have data ourselves tending 
Hi to substantiate this idea. Urines preserved with both toluene and 
chloroform and incubated at 37° showed a regular and fairly rapid 
decrease in creatine and total creatinine content. These enzymes, 
on the basis of the work of Gottlieb and Stangassinger’® and of 
: Rothman," seem to be generally distributed through the animal 
li tissues. 

























TABLE II. 


i Weight of pig, 66 pounds at beginning, 67 pounds at end of record. Diet, 
/ 825 grams corn meal; 13.85 grams N and 2902 calories. Calories per kilo, 
97 (55 X creatinine N). 


CREATINE AS 








' DATE bie an NIN URINE CREATININE CREATINE we ay ” 
CREATININE 
May ce. grams gram gram 

25 923 6.770 0.7672 0.0326 4.07 

26 1170 7.500 0.9266 0.0 0.0 

27 1230 7.380 0.7140 0.0 0.0 

28 1230 7.257 0.7683 0.0 0.0 

29 1210 8.107 0.8615 0.0 0.0 

30 1570 9.263 0.5893 0.0448 7.11 

31 1410 7.896 0.8184 0.0093 1.12 








10 Zeitschr. f. physiol. Chem., lii, p. 1, 1907. 
11 [bid. lvii, p. 131, 1908. 
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One of the most interesting points brought out by the experi- 
ments of Mendel and Rose is that feeding protein (casein, egg albu- 
men) to fasting rabbits does not decrease the excretion of creatine. 
Numerous isolated tests for creatine in the urines of pigs on diets 
supplying proteins from restricted sources indicate that in young 
growing pigs, of 40 to 65 pounds body-weight, on the same plane of 
protein and energy intake, creatine is sometimes present in large 
amounts and in other cases absent or nearly so. We were led by 
these observations to examine for suitable periods the urines of 
several pigs on a number of different diets and have observed that 
it is undoubtedly true that a high protein intake from certain 
sources leads to the elimination of creatine, but an equally high 
protein intake from another source may cause the excretion of but 
small amounts of creatine. Table II shows the record of a pig 
taking fifty-five times the nitrogen eliminated daily as creatinine 
(approximately ten times his endogenous requirement), the food 
nitrogen being derived wholly from corn meal (maize). The crea- 
tine output was very small, in fact only a casual constituent of the 
urine. 

Table III shows the record of a pig taking nitrogen from corn 
meal, equivalent to twenty-seven and one-half times his creatinine 
nitrogen output. On ten out of sixteen days on this ration there 
was no creatine in the urine. When on July 27 the ration was 
changed to starch, linseed meal (nearly oil-free) and gluten meal,” 
although the nitrogen fed was somewhat less in amount, there 
was at once a marked rise in the creatine content of the urine. 
On August 8, the nitrogen intake was doubled, but during the 
following five days the creatine output was not in proportion to 
the increased protein intake. This may be due to the great reten- 
tion of nitrogen for growth. 

Table IV shows the record of another pig on the same diet, 
with an intake of fifty-five times his creatinine nitrogen elimina- 
tion. The results are in accord with those in table III. 

Table V shows the record of a pig on the same plane of protein 
intake as was the pig in table II (55 times the creatinine nitrogen), 
the ration being derived from equal parts of wheat, rolled oats 


2 Gluten meal is a by-product of starch manufacture and consists princi- 
pally of the proteins of the corn endosperm. 
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TABLE III. 


Pig 26. Fed on corn since June 1l. Weight, 46 pounds. 


RATION FED 


VOLUME OF 
URINE 
TOTAL N IN 
URINE 
CREATININE 
TOTAL 
CREATININE 
CREATINE AS 
PERCENTAGE 
OF TOTAL 
CREATININE 


July ; grams | grams 
12 0.837 | 0.837 
13 0.677 | 0.677 
14 0.703 0.703 
15 0.844 844 
16 0.687 734 
17 0.702 767 | 
18 0.613 .738 | 484 grams corn (7.93 
19 0.790 830 grams N), 27.5 x 
20 830 699 710 creatinine N. 

21 880 .659 0.659 
22 910 608 
23 930 .669 
24 930 687 
25 770 .649 
26 900 771 
27 1180 .732 
28 1570 
29 1280 
30 1440 Ration changed a.m. 
31 1480 to 150 grams starch, 
August | 60 grams oil meal, 
1 1210 | '| 40 grams gluten 
2" 860 meal (6.94 grams 
1170 N). 
1040 
1140 
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10.42, 120 grams oil meal, 
16.58 ¢ 80 grams gluten 
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TABLE IV. 


Pig 25. Fed onmilk from June 11 to July 12. Weight, 75.5 pounds. 


RATION FED 


URINE 
TOTAL N IN 
URINE 
CREATININE 
CREATININE 
CREATINE AS 
PERCENTAGE 
OF TOTAL 
CREATININE 


VOLUME OF 
TOTAL 


grams grams 


0.939 1.066 
0.854 0.873 
0.948 . 265 
0.919 .127 
0.963 131 
0.972 . 296 
0.876 .093 
0.869 .048 
0.840 
0.982 
0.863 
791 
.983 
.810 
749 
951 
591 
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— ik? o> 


bo 
oO 


200 grams starch, 
49.2 grams gluten 
meal, 71.8 grams 
oil meal (8.5 grams 
N). 
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and corn meal. There was regularly a high content of creatine in 


the urine. 
With this relatively high nitrogen and very high energy intake 


creatine was constantly present in the urine on a creatine-free diet. 
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TABLE V. 


Pig 15. Weight of pig 60 pounds at beginning, 67 pounds at end of record. 
Diet, 280 grams rolled oats, 280 grams wheat, 280 grams corn (N intake 
16.48 grams, 55 X creatinine N). Calories per kgm. (mean weight, 29 kgm.), 
about 106. Record for creatine excretion begins with the twenty-fifth day 
of feeding. 


CREATINE AS 
PERCENTAGE 
OF TOTAL 
CREATININE 





ve oe N IN URINE CREATININE | CREATINE 








grams grams 


9.089 0.9622 19.28 
8.704 1.0600 11.78 
8.316 0.8450 17.80 
10.626 0.9768 14.58 
8.760 0.7 14.65 
9.174 ~ 0.7978 34.59 
9.306 0.9486 27.14 








TABLE VI. 


Pig, fed nitrogen, as rolled oats, equivalent to 38.5 times his creatinine 
nitrogen output. N intake, 7.28 grams. 





CREATININE PRE- 


FORMED TOTAL CREATININE 


DATE VOLUME OF URINE TOTAL N 


August ce. gram 

9 1375 0.470 
10 1940 09: | 0.532 
11 1680 Oo | 0.519 


12 1380 0.555 


In table VI is shown the behavior of a pig on a ration of rolled 
oats containing thirty-eight and a half times the nitrogen elimin- 
ated by the animal daily as creatinine. No appreciable amounts 
of creatine could be found in the urines. 

It seems logical to conclude, from the data we have collected, 
that the plane of protein intake is not the controlling factor in 
regulating the creatine elimination in the growing pig. The char- 
acter of the proteins in the diet appears to determine whether a 
large or small creatine production takes place in the tissues. 
These observations leave little doubt that creatine may come from 
exogenous as well as endogenous protein metabolism. 





E. V. McCollum and H. Steenbock 217 


The observations of Mendel and Rose that feeding protein 
alone to fasting rabbits does not check the rate of creatine elimi- 
nation also appears in a new light. We would explain this by 
assuming that, while the protein fed relieved the animal of rapid 
tissue destruction and creatine production (from endogenous 
sources), the exogenous protein catabolism set up simultaneously 
a creatine production which exceeded the animal’s power to 
destroy, so creatine kept coming in the urine. This theory would 
necessitate the assumption, which our work with pigs leads us to 
believe would hold, that a fortunate selection of the protein fed 
would cause a cessation of creatine excretion in fasting rabbits. 
It is interesting to speculate as to the group in the protein molecule 
which is responsible for the formation of creatine. The only 
known cleavage product which suggests itself from similarity of 
constitution is arginine, which by a partial oxidation of the carbon 
chain to acetic acid and a methylation of a nitrogen atom would 
lead to creatine formation. This has been suggested by Jaffé" 
and by Knoop™ and has some experimental evidence to support 
it, viz., the methylation of guanidine acetic acid in the organism."® 
From the hypothesis of Seemann’ that creatinine is not formed 
from arginine itself but from certain arginine peptides, it is possi- 
ble that creatine may result from arginine only when the latter 
exists in certain combinations. If this were the case there could 
be no relationship between the arginine content of the proteins 
fed and the creatine production since only a part of the arginine 
might exist in complexes which could yield creatine in the body. 

Our knowledge of the arginine content of naturally occurring 
food products is too meager to admit of conclusions regarding a 
possible relationship between the arginine content of the rations 
and the creatine content of the urines in our own experiments. 
Also the body doubtless destroys some creatine, a fact which 
probably accounts for the marked irregularities observed in the 
content of creatine in the urine of an animal on a uniform diet. 

The working hypothesis that all arginine in the ration may 
contribute to creatine formation, would seem, in the light of our 


18 Jaffé: Zeitschr. f. physiol. Chem., xlviii, p. 430, 1906. 
* Knoop: Zeitschr. f. physiol. Chem., \xvii, p. 495, 1910. 
4 Dorner: Zeitschr. f. physiol. Chem., lii, p. 246, 1907. 
16 Seemann: Zeitschr. f. Biol., xlix, p. 433, 1907. 
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observations, to be worth further examination, despite the nega- 
tive result of Jaffé who failed to observe an increased elimination 
of creatine when arginine was subcutaneously injected into rabbits. 
The state of nutrition of the animal could easily turn the result 
of such an experiment in one way or the other. Folin'’ has 
observed that neither creatine nor the corresponding nitrogen 
introduced into the body when the protein metabolism is at a very 
low level appears in the urine. His observation that creatine 
could be traced into the urine only when introduced with a high 
protein diet is also of interest in this connection. 
We expect to continue a study of this problem. 


7 Folin: Hammarsten’s Festschrift, 1906. 


SYNTHESIS OF LECITHIN IN THE HEN AND THE 
CHARACTER OF THE LECITHINS PRODUCED.! 


. By E. V. McCOLLUM, J. G. HALPIN anp A. H. DRESCHER. 


(From the Laboratory of Agricultural Chemistry of the University of 
Wisconsin.) 


(Received for publication, September 21, 1912.) 


One of the earliest proofs of the possession of synthetic power 
by the animal was the demonstration that fat can originate from 
carbohydrate in the animal body.2, We now have indisputable 
evidence that the animal cell is capable of synthesizing nuclein 
and phosphatide complexes necessary for growth,® and also that 
certain amino-acids, glycocoll and lysine and possibly also trypto- 
. phane, can originate in the animal body as the result of synthetic 
activity. Lusk has shown that carbohydrate can be derived from 


protein or from certain amino-acids.> Up to the time of the experi- 
ments described in this paper, however, no very great production 
of lecithins and other phosphorus-containing lipoids had been 
shown to result from the synthetic: activity of the animal cell.® 
Since the experiments here described were completed, Finger- 
ling’ has reported results which fully corroborate our own and which 
indicate that certain complex lipoids of the lecithin and kephalin 


1 Published with the permission of the Director of the Wisconsin Exper- 
iment Station. 

2 See Rosenfeld: Ergeb. d. Physiol., i, p. 661, 1902. 

§ McCollum: Amer. Journ. of Physiol., xxv, p. 120, 1909. 

‘ Osborne and Mendel: Carnegie Institution of Washington, Publication 
156, pts. 1 and 2, 1911; also McCollum: Amer. Journ. of Physiol., xix, p. 
215, 1911. 

5 Lusk: Zettschr. f. physiol. Chem., Ixvi, p. 106, 1910. 

6 A brief statement of a part of the results reported in this paper was pre- 
sented before the American Society of Biological Chemists at the Baltimore 
meeting, December, 1911. See Proceedings of the Society of Biological 
Chemists, this Journal, xi, p. xiii, 1912. 

’ Fingerling: Biochem. Zeitschr., xxxviii, p. 448, 1912. 
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types can be synthesized in large amounts by birds taking rations 
free from this class of compounds. 

Experiments with fat-free rations compounded of isolated and 
purified food substances have not yet been successfully employed 
in experiments involving reproduction. In our own work we 
have employed a ration consisting of 30 per cent Merrill-Soule’s 
skim milk powder and 70 per cent polished rice, the latter thor- 
oughly extracted with boiling alcohol. The milk powder contained 
0.6 per cent of ether-soluble matter and the ether extract was prac- 
tically free from phosphorus. The lecithins present in the whole 
milk are nearly completely removed with the cream by the cen- 
trifugal process. The rice, before extraction, was ground to a fine 
powder. ‘Two extractions were made, using a liberal amount of 
95 per cent alcohol and maintaining a boiling temperature for 
from twenty to thirty minutes. It was then transferred to a 
press and nearly freed from alcohol, and finally spread in a thin 
layer until the alcohol was all evaporated. The rice thus treated 
was practically fat- and lecithin-free. 

The hens selected for the experiment were hatched in June 1910, 
and were fed an ordinary mixed ration until October 31 when they 
were placed in a cage, the floor of which was covered with clean 
sand. The hens were kept in the attic of the poultry building 
throughout the experiment. ‘There was no failure of the appetite 
at any time. The initial weights of the birds were as follows: 
No. 102, 967 grams; No. 103, 1476 grams; No. 106, 1184 grams. 

The average consumption of food per day from October 31, 1910, 
to March 1, 1911, was 175.6 grams for the three or 58.5 grams per 
day per bird. The energy intake was about 235 calories per day 
for each hen. The weights of the hens on January 30, at which 
date the first eggs were secured, were as follows: No. 102, 1290 
grams, gain 33 per cent; No. 103, 2013 grams, gain, 36.4 per cent; 
No. 106, 1588 grams, gain, 34.1 per cent. 

The hens were not trap-nested so no individual records for egg 
production can be given. Between January 30 and April 15, 
fifty-seven eggs were secured. It is known that at least three eggs 
were eaten by the hens. The egg production was therefore not 
far from normal for pullets of this age. 


8 See Osborne and Mendel: this Journal, xii, p. 81, 1912. 
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The yolks from the fifty-seven eggs weighed, as separated from 
the whites, 883.5 grams, an average yolk production of 294.5 
grams per hen. The average white production per hen was 465.5 
grams. As the eggs were collected they were weighed, broken and 
the whites and yolks separated and separately weighed. The 
yolks were dropped into 95 per cent alcohol and preserved until 
the end of the experiment. 

A mixed sample of these yolks was found, by the method of 
Koch and Woods,® to contain 3 per cent of lecithin and 6.39 per 
cent of kephalin, a total phosphatide content of 9.39 per cent. 
Each hen deposited in the egg-yolks produced by her 27.65 grams 
of phosphorized fats. It is fair to assume that the bodies of the 
hens contained more phosphatides at the end of the experiment 
than at the beginning, and also that some phosphatides were 
present in the whites. The fat content of the fresh yolks was 32.8 
per cent. 

Since the average daily consumption of skim milk powder was 
17.55 grams, the fat content of which was 0.105 gram, the 
fat intake per hen during the feeding period of one hundred and 
sixty-five days was 17.37 grams. Being ordinary butter fat most 
of it was not suitable for direct deposition in the eggs. It is evi- 
dent therefore that the synthesis of phosphatides is readily accom- 
plished in the body of the hen when the ration is free from these 
substances. 

We possess but little evidence as to whether the lecithins of the 
egg yolk are of a specific nature, or are of a variable character and 
influenced by the character of the fats or lecithins of the food. 
If the lecithins of the yolk are transferred without change to the 
nervous system of the developing chick it would seem highly prob- 
able that the fatty acid radicals of the lecithins must be of a specific 
and unvarying character. It is highly improbable that the com- 
position of the nervous system of the chick, as respects the phos- 
phatides, which form a part of the functioning organized matter, 
can vary through the substitution of, for example, oleyl-stearyl- 
lecithin, which might be abundant in the food, for oleyl-palmityl- 
lecithin, which the animal might synthesize if compelled to do so 
by lack of compounds of this character in the diet. On the other 


* Koch and Woods: this Journal, i, p. 203, 1905. 
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hand, that portion of the lecithin which is broken down during incu- 
bation to supply phosphoric acid for skeletal formation might, so 
far as one can see, be equally efficient if made of any of the ordi- 
nary fatty acid radicals, since these all yield about the same amount 
of energy. Mesernizky'® has shown that the lecithin content of 
the egg decreases markedly during incubation. 

Bang" holds that since the proteins as we know them in the 
purified state are relatively stable substances, and we have no 
evidence that any high degree of lability exists in the proteins 
present in the living protoplasm, it is justifiable to attribute greater 
importance to the unstable complex lipoids which form a part of 
every living cell, than to the proteins; that the lipoids, among all 
the components of the colloidal systems which manifest the proper- 
ties of living matter, are the most labile, and deserve therefore to be 
assigned an important réle in the metabolic processes. If this 
assumption be justified one would expect to find for a portion of 
the lecithins of the yolk a specificity of composition and structure. 
This view is supported by the work of Henriques and Hansen” 
who conclude that the fatty acids of yolk lecithins are constant in 
character (iodine number) and independent of the character of 
the food lipoids, while the fats of the eggs are variable and easily 
influenced by the fats of the diet. 

It should be stated that in the experiments of Henriques and 
Hansen the periods of experimental feeding were shorter than 
thirty days in six periods and were forty-two days in the other two, 
and eggs were collected during the entire periods. An effort was 
made to change by this method the nature of the fatty acid radicals 
of the egg lecithins by feeding barley, peas, rice, hempseed and 
linseed, and iodine numbers of 72.5, 70.8, 66.9, 74.7 and 78.4 
respectively were obtained for the lecithins. There is no evidence 
that in their experiments a synthesis of lecithins actually occurred. 

Of still greater interest is their observation that the iodine num- 
bers of all lecithins examined by them were such as to indicate 
for the fatty acids themselves an iodine number of about 100, 
which would indicate the presence of acids having a higher iodine 
number than oleic acid (80-90). The idea of a specificity of the 


10 Mesernizky: Biochem. Centralbl., vi, p. 784, 1907. 
11 Bang: Ergeb. d. Physiol., vi, p. 134, 1907. 
12 Henriques and Hansen: Skand. Arch. f. Physiol., xiv, p. 390, 1903. 
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character of the lecithins is strengthened by their observation 
that preparations of lecithins from dog and ox brains showed nearly 
the same iodine numbers (96-100) as did those from egg lecithins. 

These results of Henriques and Hansen make especially interest- 
ing the iodine numbers of lecithins produced by our hens where a 
complete synthesis of all the organic complexes of the lecithins 
was made absolutely certain. The following table gives the values 
for the fats and lecithins of the eggs produced in the experiments 
here described, and, for comparison, the corresponding values for 
eggs from the farm flock on an ordinary ration. 


IODINE NUMBER 


I! 





Fats 
Nearly lipoid-free ration. . ; 54.36 
Ordinary ration t 65.5 
Lecithins 
Nearly lipoid-free ration.. 3.2% 34.07 
Ordinary ration 3. 63.1 


The method of obtaining the lecithins was as follows: 


The yolks were removed from the alcohol and placed in an evaporating 
dish, covered with a watch glass and heated on a steam bath for a short 
time to remove most of the alcohol. Ether was then added repeatedly in 
small portions and the evaporation continued until the alcohol was all 
removed. By this process the yolks were protected as much as possible 
from the air. The yolks were then dried in a desiccator over sulphuric 
acid, the desiccator being evacuated by the ether method. When dry, the 
sample was transferred to an extraction apparatus and thoroughly extracted 
with ether. The ether was evaporated, the last part being removed over 
sulphuric acid in a desiccator. Great care was taken to prevent exposure 
of the fat and lecithin preparations to the air. The residue from the ether 
extraction was extracted with seven or eight portions of hot alcohol (95 
per cent), each digestion being continued about fifteen minutes. The com- 
bined alcohol extracts were concentrated on a steam bath. Toward the 
end of the evaporation small portions of ether were repeatedly added to has- 
ten the removal of the alcohol and to protect the lipoids from the air. The 
product was finally dissolved in ether and precipitated with ten volumes 
of acetone. After once reprecipitating, the lecithins were dried in a vacuum 
desiccator over sulphuric acid. The alcohol in which the eggs were pre- 
served was evaporated in the manner described and the residue treated in 
the same way as the yolks. 
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The iodine numbers were made on different samples and there 
is no doubt that they represent the true values for the fats and 
lecithins from the mixed eggs. From these results we must con- 
clude that the lecithins of the egg yolk are variable in respect to 
the nature of the fatty acid radicals they contain and that their 
nature is influenced by the character of the lipoids of the diet. 
The iodine numbers of lecithins in yolks from a nearly lipoid-free 
diet correspond fairly well with those which one might expect for 
a lecithin containing one molecule of oleic and one of a saturated 
fatty acid. It is significant that the lowest iodine number obtained 
by Henriques and Hansen was from a rice diet which was very 
poor in lipoids. 

Unfortunately none of the eggs with these low iodine numbers 
were hatched, but this will be done as soon as more can be pro- 
duced. It will be of interest to compare the lecithins of the 
nervous system of chicks, hatched from such eggs, with those of 
chicks obtained after feeding rations similar to those of Henriques 
and Hansen, when the rations are fed long enough to secure the 
maximum influence of an abundance of highly unsaturated lipoids 
of the diet on the lecithins of the egg. 





METABOLISM STUDIES ON COLD-BLOODED ANIMALS. I. 
THE URINE OF THE FISH. 


By W. DENIS. 


(From the Biochemical Laboratory of the Harvard Medical School, Boston, and 
the Laboratory of the U. S. Bureau of Fisheries, Woods Hole, Mass.) 


(Received for publication, September 24, 1912.) 


Probably on account of the difficulties attendant on their collec- 
tion the data at hand regarding the composition of the urine of 
marine animals are extremely limited, and decidedly fragmentary 
‘in character; in fact so far as the author is able to ascertain, no 
analyses showing the distribution of nitrogen in twenty-four-hour 
quantities of urine in even the larger marine animals, such as the 
fish, are to be found in the literature. 

As, by means of the micro-chemical methods for the analysis 
of urine recently published by Folin and his associates, it is now 
possible to make observations on the distribution of nitrogen in 
twenty-four-hour samples of the urine of relatively small animals, 
the time seemed ripe for an effort to investigate the metabolism 
of lower animals, from the standpoint of urine analysis, more 
thoroughly than has so far been attempted. 

As the great majority of fish possess no bladder but allow the 
urine to escape as soon as formed, it was first necessary to find some 
method by which this fluid could be collected accurately over 
twenty-four-hour periods. My original intention was to study 
the urine of both the elasmobranchs and of the teleosts; it was 
found impossible, however, in the period during which the work 
of collection was carried on to obtain enough specimens of any 
one species of bony fish to make work along this line profitable; 
in the present paper, therefore, the data presented consist largely 
of observations on the urine of one of the elasmobranchs, the smooth 
dog fish (Mustelis canis), which is extraordinarily abundant along 
the north Atlantic coast. Analytical data concerning the urine of 
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one bony fish, the goose fish (Lophius piscatorius), are also presented, 
the material for this work having been taken from the bladder 
shortly after death. 

The method used for the collection of twenty-four-hour samples 
of urine from the dog fish was as follows.! 


Large male animals were used almost entirely. The female may be 
employed but in the male the insertion of the cannula is accomplished with 
much greater ease than in the female. The animal was first securely fas- 
tened, dorsal surface up, in a holder consisting of a V-shaped trough about 
18 inches long and 6 inches deep. The fish fastened to the holder was then 
placed in a long narrow tank of running sea water in such a position that 
while the head including the gills was under water the remaining two-thirds 
of the body including the cloaca was above the surface of the liquid. 

The cloaca was then stretched open by means of hooks inserted laterally 
and an ordinary glass cannula inserted and securely tied directly into the 
urinary papilla. The latter operation is particularly easy to accomplish 
in the mature male in which the papilla may be as much as a quarter of an 
inch in length. In the male the cannula may now be tied by means of 
thread to the ‘‘claspers.’’ In the female it is necessary to suture it to the 
fins in order that it may not be pulled out during the subsequent struggles 
of the fish. 

The animal was now removed from its holder, placed on its side and care- 
fully tied by means of inch wide bandages to a board about 2 feet in length. 
The whole was now placed in a large tank, well supplied with running sea 
water, and was fastened in such a position that the cloaca was raised above 
the surface of the liquid. A wet towel placed over the tail kept the latter 
moist. 

The urine was collected in a large test tube which was hung on the side of 
the tank considerably below the head of the fish. This test tube was closed 
by means of a two-hole rubber stopper, through one hole of which passed a 
short glass tube, which in turn connected with a piece of narrow pure gum 
tubing, the other end 6f which was attached to the cannula in the urinary 
papilla. 

All urine samples were preserved with chloroform and were analyzed for 
nitrogenous constituents not later than thirty hours after collection. 


The method outlined above is extremely simple and has the 
advantage that as no surgical procedure is necessary no anaes- 
thetics need be used and at the same time elimination from the 
intestine is not interfered with. Gentle pressure applied in the 


1The method outlined above for the collection of urine was suggested 
to me by Mr. Scott of the Department of Natural History of the College of 
the City of New York. I have also to thank Mr. Scott for much valuable 
assistance during the development of the method. 
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median line of the dorsal surface about 1 to 6 inches above the 
cloaca will serve to expel any urine present in the ureters and, if 
this procedure be employed just before insertion and just previous 
to removal of the cannula, a fairly accurate measure of the amount 
of urine excreted in a given period of time may be obtained. 

If it is not desired to keep the fish bound to a board during the 
collection it may be conveniently placed in a trough so narrow 
that the animal is unable to turn around; I have used this method 
in a few cases but lack of conveniently arranged tanks made its 
exclusive adoption impossible. 

The method described above differs fundamentally from the pro- 
cedures used by Herter,’ by Baglioni* and by Burian‘ for the col- 
lection of fish urine in the fact that I have always arranged the 
cannula so that the urine was drained away as soon as formed. 
The quantity of urine eliminated in twenty-four hours by the dog 
fish is surprisingly small considering the size of the animal, as will 
be shown by the results tabulated below. All animals used were 
males. 


VOLUME OF URINE 
FISH NO. LENGTH . WEIGHT COLLECTED IN TWENTY- 
FOUR HOURS 





cm, grams cc. 
26 94 a 15 
29 76 . 1184 | 11 
30 86 1814 | 27 
31 71 964 17 
32 | 92 2041 30 
35 69 | 964 25 
36 81 1588 22 
37 81 1360 | 27 


The dog fish survives pithing of the cord remarkably well and will 
usually live apparently in good condition for several days after 
the operation. As in many physiological experiments involving 
the collection of urine destruction of the cord is to be desired, I 
have made a number of collections of twenty-four-hour quantities 
of urine from fish in which the cord had been destroyed up to about 
the level of the dorsal fin. 


* Herter: Mitth. aus der zool. Stat. zu Neapel, x, p. 342, 1891. 
’ Burian: Zettschr. f. biol. Technik u. Method, i, p. 383, 1909. 
‘ Baglioni: Zentralbl. f. Physiol., xix, p. 385, 1903. 
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| VOLUME OF URINE 
| COLLECTED IN 
TWENTY-FOUR 
HOURS 


FISH NO. LENGTH WEIGHT 





gm. | grams. ce. 

92 | 1815 | 20.0 
04 2722 21.0 
81 | 1446 | 19.5 
96 1810 13.0 
6 - 1588 20.0 
107 | 2948 44.0 
79 1174 17.0 
91 | 1813 17.5 


1 
3 
9 
11 
18 
19 
20 
21 


Q, QA, QA w 0 Q, 0 40 


As will be seen by an inspection of these results the quantity of 
urine eliminated in twenty-four hours is about the same in the 
pithed as in the normal animal, the average twenty-four-hour 
quantity for the former being 21.5 cc. and for the latter, 21.7 cc. 
An examination of the analytical results given below will show, 
however, that in the pithed animal a much less concentrated urine 
is secreted than in the normal fish. 

When first passed, the urine of the dog fish is a clear odorless, 
almost colorless fluid with a slight yellowish-green tinge and a 
reaction distinctly acid to litmus. After standing for a few days, 
even when preserved with chloroform, it becomes cloudy, and the 
color darkens gradually until when several weeks old it possesses 
the color of a moderately concentrated human urine. 

In all, the urine of about thirty animals was examined and in 
no case was any reducing sugar of albumin found. The murexide 
reaction is readily obtained. Creatinine appears to be present, but 
the amount is so small that quantitative measurements were im- 
possible, even by the Folin method. No creatine could be detected. 

The analytical methods used were as follows: specific gravity 
by the hydrometer, total nitrogen by the method of Folin and 
Farmer,’ urea by the potassium acetate method of Folin,® ammonia 
and uric acid by the methods of Folin and Macallum,’ phosphates 


5 This Journal, xi, p. 493, 1912. 

6 Thid., xi, p. 507, 1912. 

7 Ibid., xi, pp. 265, 523, 1912. (The method used for the colorimetric 
determination of uric acid will be published shortly from this laboratory.) 
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by the uranium acetate titration and total sulphur by the author’s® 
modification of the Benedict method. The animals from which 
urine was collected had in every case been caught from twenty- 
four to forty-eight hours before the experiment was started, and 
during this time were kept in cages immersed in the ocean. 


Fish 30. 


Male; weight, 1814 grams; fasting; volume of urine collected in twenty- 
four hours, 27 cc.; specific gravity, 1.032. 


; 7 
| | 








MILLIGRAMS IN 











“ b MILLIGRAMS | PER CENT OF TOTAL 

a | PER CC. NITROGEN 
Total nitrogen............ 122.5 4.5 | 
Urea nitrogen.............| 108.4 4.0 | 89.0 
Ammonia nitrogen...... 2.3 0.085 1.9 
Uric acid nitrogen...... 0.31 | 0.011 | 0.25 
Creatinine nitrogen....... Present | | 

Fish 29. 


Male; weight, 1134 grams; fasting; volume of urine collected in twenty- 
four hours, 11 ce. 


MILLIGRAMS IN 





MILLIGRAMS PER CENT OF TOTAL 
TWENTY-FOUR ns - 
HOURS PER Cc. NITROGEN 
Total nitrogen............ 58.3 5.3 
Urea nitrogen............. 51.5 4.7 88.6 
Ammonia nitrogen........ 1.32 0.12 992 
Fish 31. 


Male; weight, 964 grams; volume of urine collected in twenty-four hours, 
17 ec. This animal was allowed to feed on a large amount of fish muscle 
about six hours before the collection of urine was commenced. 








pee. x | 


MILLIGRAMS IN 


ei MILLIGRAMS PER CENT OF TOTAL 
| TWENTY-FOUR ; . ; 
HOURS PER CC. NITROGEN 
Total nitrogen............ 113.0 6.6 
Urea nitrogen.............| 93.4 5.5 82 6 
Ammonia nitrogen........| 5.18 0.30 4.5 


eS 





8 This Journal, viii, p. 401, 1910. 
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Fish 19. 


Male; weight, 2948 grams; fasting; spinal cord pithed from tip of tail to 
about the level of the dorsal fin; volume of urine collected in twenty-four 
hours, 44 ce. 


MILLIGRAMS IN 
TWENTY-FOUR 
HOURS 











| 
MILLIGRAMS | PER CENT OF TOTAL 
PER CC. NITROGEN 


Total nitrogen............ 104.7 2.37 


Urea nitrogen............. 88 .2 2.00 
Ammonia nitrogen........ 3.3 0.075 


| 

| 84. 

| 
Creatinine nitrogen....... Present | 


3. 


Creatine nitrogen......... None 
Uric acid nitrogen 








Fish 19a. 


Male; weight, 2940 grams; fasting; spinal cord pithed; volume of urine 
collected in twenty-four hours, 27 ce. 
MILLIGRAMS IN 
TWENTY-FOUR 
HOURS 
Total nitrogen............ 62.00 
Urea nitrogen............. 53 .00 
Ammonia nitrogen........ 3.78 
Uric acid nitrogen........ 0.40 
oe ae Present 


MILLIGRAMS . PER CENT OF TOTAL 
PER CC, NITROGEN 











Mixed urines of fishes 20 and 21, both males; weight of fish 20, 1174 grams; 
volume of urine for twenty-four hours, 17 cc.; weight of fish 21, 1813 grams; 
volume of urine for twenty-four hours, 17 cc.; both fasting; spinal cord 
pithed in both. 





PER CENT OF TOTAL 
MILLIGRAMS PE ° 
B 1000 cc NITROGEN 


Total nitrogen...............| 3200 | 
Urea nitrogen................| 2600 81.0 
Ammonia nitrogen...........| 340 

Creatinine nitrogen..........| Present 

Creatine nitrogen............| None 

Uric acid nitrogen | 22 
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Analysis of a composite sample of urine collected from ten fasting dog fish. 
Specific gravity, 1.030. 


PER CENT OF TOTAL 


GRAMS PER LITER 
NITROGEN 


Total nitrogen....... os "ge 4.200 
Urea nitrogen........... . 3.390 80.7 
Ammonia nitrogen...... her 0.310 7.3 
Chlorides (as NaCl)...... 12.86 
Phosphates (as P2Os5)......... 4.520 
Total sulphur (as SO;)...... 7.08 

3.40 


Total sulphates (as SO3)..... 





The goose fish (Lophius piscatorius) proved of all the teleosts 
available to be the best suited for the study of the urinary secre- 
tion, as this animal is provided with a bladder of large capacity. 
However, during the time spent at Woods Hole only one specimen 
was available in which the bladder contained urine. In this case 
158 ec. of urine were removed from the bladder about an hour after 
death and immediately analyzed. The urine of the goose fish is 
a clear, odorless, almost colorless fluid, which after long standing 
(when preserved with chloroform) becomes faintly yellow: The 
specific gravity was found to be 1.013. The reaction is distinctly 
acid to litmus. No albumin or reducing sugar could be detected. 
As in the urine of the dog fish the amount of phosphates is so large 
that when the urine is boiled a thick flocculent precipitate is 
obtained which readily dissolves on the addition of a drop of acetic 
acid. On making alkaline with sodium hydrate a large amount of 
precipitate is also obtained probably due to the presence of an 
excess of earthy phosphate. 

Uric acid is apparently not present as the murexide test gave 
negative results, while even with the very delicate phosphotungstic 
acid reagent’ (which gives unmistakable results with 1 part of uric 
acid in 500,000 parts of water), used in the colorimetric method 
for the quantitative determination of the substance, no indication 
of its presence could be found.’° 


® Folin and Denis: this Journal, xii, p. 237, 1912. 

10 This is in agreement with the observations of Rywosch on the urine of 
the carp: Wien. med. Wochenschr., 1893, pp. 47, 48; and with the earlier work 
of Davy: Trans. Roy. Soc. Edinburgh, xxi, p. 548, 857. 
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No creatine or creatinine could be detected by the use of the 
Jaffé test. 


PER CENT OF TOTAL 
MILLIGRAMS PER LITER NITROGEN 


400 
248 62 
52 13 


Total nitremen. .....6...-... 
ror eres 
Ammonia nitrogen........... 


It is planned to extend this investigation to a study of the 
metabolism of a number of the cold-blooded animals, such as the 
fish, and of such of the amphibia and reptiles as may be found 


available for this type of work. 





MAINTENANCE EXPERIMENTS WITH ISOLATED 
PROTEINS.! 


By THOMAS B. OSBORNE anv LAFAYETTE B. MENDEL. 
Wir THE Co6PERATION OF Epna L. Ferry. 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in Yale Uni- 
versity, New Haven, Connecticut.) 


(Received for publication, September 26, 1912.) 


In earlier papers on our feeding experiments with isolated food 
substances? we have attempted to justify the selection of the white 
rat for the study of some of the problems connected with nutri- 
tion. This animal is easily reared and cared for. Its small size 
reduces the food requirement to a magnitude which falls within 
the range of experimental possibility where the preparation of 
special dietaries by laborious processes is a fundamental prerequi- 
site. A possible advantage in the use of smaller animals like those 
which we have selected lies in the fact that marked changes 
in nutritive equilibrium speedily manifest themselves. Further- 
more, the longevity of this animal is, according to Donaldson, 
about three years; so that the first year of life corresponds to a 
long span in terms of human years. Not insignificant is the addi- 
tional fact that the white rat has in recent years been made the 
subject of exceptionally extensive measurements in respect to 
growth and various features of development at the Wistar Insti- 
tute in Philadelphia and elsewhere. In this way physica! standards, 
so to speak, have been established for this animal. Inasmuch as 
we have successfully maintained albino rats over periods of more 


1The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

2 Osborne and Mendel: Feeding Experiments with Isolated Food Sub- 
stances. Carnegie Institution of Washington, Publication 156, Parts I 
and II, 1911; Zeitschr. f. physiol. Chem., Ixxx, p. 307, 1912; this Journal, 
xli, p. 473, 1912. 
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than 600 days on artificially prepared food mixtures we believe 
that the adaptability of the animal for the purposes under consid- 
eration must be admitted. The chief obstacles to success have 
been those diseases, usually involving the lungs, which other work- 
ers with rats have also found troublesome. These diseases, how- 
ever, have made less inroad upon our carefully selected and cared 
for experimental animals than upon the animals, of our stock 
colony. We believe that by the application of further hygienic 
precaution the disease factor can be largely eliminated. 

The work of earlier investigators, who have attempted to deter- 
mine whether any single protein or combination of proteins is 
capable of supplying the nitrogenous needs of the body, has been 
reviewed in an earlier publication.’ If we except the investiga- 
tions of Réhmann,‘ the details of which have not yet been pub- 
lished, it would appear from the records of our predecessors that 
“experiments in which one form of protein has been given as the 
sole source of nitrogen for a long period demonstrate that, in spite 
of the abundance of nitrogen in the diet, the animal ceases to 
thrive.© Experiments in which the foodstuffs administered were 
sufficiently “pure’’ to give some permanent significance to the 
results obtained are few in number. Occasional records show 
that animals have been kept over one hundred days; as a rule, 
however, part of this period has been characterized by a decline 
in body weight which obviously must vitiate the success of any 
demonstration of maintenance on “artificial”? diets. The reserve 
store of nutrients in many animals is sufficient to keep them alive 
for considerable periods even on inadequate dietaries, so that the 
continuance of life is by no means equivalent to adequate nutri- 
tive maintenance. This fact has too often been overlooked in 
the interpretation of nutrition experiments. 

The futility of studying nutrition by methods in which even the 
“eontrol’”’ animals decline ought to be obvious and is brought to 
mind by recent experiments of Frank and Schittenhelm® who failed 


3 Osborne and Mendel; Carnegie Institution of Washington, Publication 
156, Part I, p. 6, 1911; see also Cathcart: The Physiology of Protein Metabo- 
lism, 1912, p. 74. 

4 R6hmann: Biochem. Zeitschr., xxxix, p. 507, 1912. 

5 Cathcart: The Physiology of Protein Metabolism, 1912, p. 74. 
6 Frank and Schittenhelm: Therapeutische Monatshefte, xxvi, p. 112, 1912. 
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to nourish rats adequately on a diet of egg-white, starch, glucose, 
fat, cellulose and salt mixture. Their rats declined within thirty 
days on this diet which was selected to be compared with a dietary 
in which completely digested proteins formed the source of nitro- 
gen. The authors emphasize the fact that such digestion prod- 
ucts may at times contain objectionable toxic substances (amines?). 
Their insistence on the use of “‘pure’”’ proteins, however, loses 
part of its significance in the light of the fact that none of their 
artificial feedings were reasonably successful even with supposedly 
favorable selections of diet. 

In explanation of the failures of our predecessors various sug- 
gestions have been offered. The failure to eat sufficient food has 
clearly been a frequent obstacle, as has been emphasized among 
others by McCollum.’ Aside from this, however, ‘much of the 
earlier work in..this connection,’”’ as Cathcart’ remarks, “was 
faulty owing either to the manner in which the experiments were 
carried out, or to the fact that the diets could not be regarded as 
‘pure,’ 7.e., the protein used was not absolutely free from impuri- 
ties.”” He adds: ‘‘ Notwithstanding this it has been found that if 
the animals be kept for a prolonged period on one diet they invari- 
ably die in spite of an abundant caloric intake.* We propose to con- 
sider this criticism carefully in the experiments to be reported below. 

The necessity of long continued experiments calls for particular 
emphasis. Physiological alterations dependent upon the gradual 
depletion of a small store of essential tissue material may mani- 
fest themselves with extreme slowness; and the fact that a satis: 
factory nutritive balance can be maintained for a week or two or 
even a month in some cases is no guarantee of either the ultimate 
success of the dietary or of the impossibility of a decline owing to 
the inappropriate exhibition of an essenfial ingredient (cf. Charts 
1,2 and 3). This has further been brought out most strikingly in 
the splendid study of Hart, McCollum. Steenbock and Humphrey 
on the physiological effects on growth and reproduction of rations 
balanced from restricted sources.? They have shown that animals 
fed rations from different plant sources and comparably balanced 


7 McCollum: Amer. Journ. of Physiol., xxv, p. 120, 1909. 

8 Cathcart: The Physiology of Protein Metabolism, 1912, p. 74. 

® Hart, McCollum, Steenbock and Humphrey: University of Wisconsin 
Agricultural Experiment Station, Research Bulletin No. 17, 1911. 
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in regard to the supply of digestible organic nutrients and pro- 
duction therms were not alike in respect to general vigor, size and 
strength of offspring and capacity for milk secretion. The records 
extend over three years so that the gradual manifestations of de- 
parture from the normal standards of health and physiological 
efficiency which failed to reveal themselves in the earlier period 
were not overlooked. As these authors say, ‘unquestionably the 
physiological value of a ration is largely dependent upon its chem- 
ical constituents, but the usual determinations made on feeding 
materials do not reveal the character or manner of combination 
of many of the constituents. Consequently the physiological 
value can be determined, in the present stafe of our knowledge, 
only by long continued observations of the reaction of the feed on 
the animal.” 

A consideration of the prolonged maintenance of any animal 
raises the question as to its natural duration of life. In the case 
of the white rat we know of few statements which can lay claim 
to any accurate basis. The current view, based apparently on a 
statement by Donaldson, that the average life span of the albino 
rat is about three years, rests on the fact that there had been no 
records of a survival of this period in animals under observation. 
Recent studies by Slonaker!® indicate that a white rat can live to 
an age of 1361 days. The incidence of disease in a large rat 
colony must be taken into account in connection with duration 
tests; and it has proved to be less detrimental among our isolated 
experimental animals than in the larger colony where the animals 
are maintained on mixed food under conditions more nearly like 
those to which they are accustomed by nature. In fact the mor- 
tality among our experimental rats has thus far been smaller than 
among our supply animals. 

The weight of the animals constitutes, we believe, the best 
index at the present time of satisfactory nutritive maintenance. 
The necessity of distinguishing carefully between nutrition in 
maintenance and in growth has been emphasized in another place." 
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10Slonaker: Journal of Animal Behavior, ii, pp. 20-42, 1912; also The 
Effect of a Strictly Vegetable Diet on the Spontaneous Activity, the Rate 
of Growth, and the Longevity of the Albino Rat, Leland Stanford Junior 
University Publications, 1912. 

11 Osborne and Mendel: Zeitschr. f. physiol. Chem., |xxx, p. 307, 1912. 
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Perhaps, as Waters has suggested, the term maintenance has been 
used somewhat loosely in the past; but like others we have been in 
the habit of regarding the animal in maintenance when its live 
weight was constant. ‘‘A more correct definition of the term 
would perhaps be to say that an animal was in maintenance when 
its body was in energy balance, but the live weight has been the 
conventional measure of our maintenance values.’”’” In the pres- 
ent report we are concerned solely with the maintenance features. 

Under selected conditions of diet an animal can be maintained 
adequately without growth (cf. Chart 4). Furthermore a repara- 
tion of tissue is not necessarily identical with growth (cf. the 
weight gained by Rat 134, in Chart 5, days 72 to 120, which shows 
that it is possible to restore tissue loss, exemplified in decline of 
body weight, by the use of dietaries which are inadequate for 
growth). Recovery from the decline due to malnutrition, for 
example, may thus be brought about by gliadin feeding. The 
possible dissimilarity of the processes of maintenance, growth, 
and repair, in so far as they affect the réle of proteins in nutrition, 
has also been emphasized by McCollum." The distinctions here 
made are illustrated by many of the charts in the appendix. 

It is perhaps unnecessary to remark that there may be involved 
in the problems of maintenance and growth many other factors, 
viz., the total energy intake, the character of the inorganic salts, 
the specific nature of the carbohydrates in the diet, quantitative 
and qualitative differences“ in the proteins administered as well 
as the indefinable so-called ‘“hormones.’’ Indeed some writers 
at the present time believe that in the latter, as yet unknown 
factors, rests the secret to nutritive success. Thus Cathcart has 
lately written, “it is clear that apart from the caloric intake and 
the protein, carbohydrate and fat content of the food, there is 
some factor or factors which influences the utilization, perhaps 


12 Waters: The Capacity of Animals to grow under Adverse Conditions, 
Proceedings Society for the Promotion of Agricultural Science, xxix, p. 3, 
1908. 

18 McCollum: Amer. Journ. of Physiol., xxix, p. 215, 1911. 

14 The choice of a protein content of about 18 per cent in our food mixtures 
has been determined by nutrition trials with varying concentrations of 
protein in the diet. These will be described elsewhere. The proportions 
here selected fallgvithin the range of our most successful experiments, when 
the non-protein factors are otherwise the same. 
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also the amount of food required. This evidence practically points 
to the presence of some ‘mineral’ substance, or substances, in 
normal food which are absent in ‘pure’ food.’ In an earlier report 
it was stated that an animal had been fed more than 217 days on a 
diet in which the sole protein was glutenin. The complete record 
of this animal, Rat 71, is given in Chart 6, since it illustrates a 
number of important features connected with our feeding experi- 
ments. It will be noted that the decline after 300 days of experi- 
mental feeding which could not be prevented by the addition of a 
second protein, edestin, to the diet was speedily prevented by the 
administration of mixed food during a period of one week. When 
the earlier glutenin food was again fed in period 8 a gradual decline 
again set in; this was however promptly averted, and striking 
reparation made, when “protein-free milk’’ was used to replace 
the inorganic salts and part of the carbohydrates of the dietary. 
On this food mixture the animal continued for 144 days until death 
ensued after 531 days of experimental feeding, the immediate cause 
being an abscess of the jaw resulting in the inability of the animal 
to eat. Old age may have contributed materially to the final 
decline of this rat. A peculiar significance centers about period 
6 on the curve because it clearly shows that the factors determin- 
ing successful nutrition were here involved in some other compo- 
nent of the dietary than the protein itself. The reasons which 
have led to the use of the protein-free milk as an adjuvant of our 
dietaries, as well as the possible criticisms in respect to a minimal 
protein content which may attach to its use, have been presented 
in detail elsewhere." 

We have already called attention to the necessity of long 
continued experiments if the actual sufficiency of a diet is to be 
determined. A deficiency in some essential ingredient may not 
make itself manifest for a long time, and even then be difficult to 
detect; for many other causes than defects in the food may lead 
to the decline or death of animals during experiments lasting over 
many months. It is only when the failure to be maintained is 


16 Cathcart: The Physiology of Protein Metabolism, 1912, p. 76; cf. also 
Hopkins: Journ. of Physiol., xliv, p. 425, 1912; Suzuki, Shimamura and 
Odake: Biochem. Zeitschr., xliii, p. 89, 1912. 

16 Osborne and Mendel: Carnegie Institution of Washington, Publication 
156, Part II, 1911; Zeitschr. f. physiol. Chem., |xxx, P- 307, 1012; This Journal, 
xli, p. 483, 1912. 
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the invariable outcome of the prolonged feeding on a given diet 
that we are justified in assuming that the diet is in some way inade- 
quate, and then only when a prompt and complete recovery 
ensues when the diet is changed to one that is known to be in all 
respects sufficient (cf. Chart 1, period 3; Chart 2, period 4; Chart 3, 
period 5; and Chart 6, period 6). Our experience shows that every 
animal has sooner or later declined when fed with mixtures of iso- 
lated and purified proteins, carbohydrates and fats together with 
inorganic matter in the form of crystallized salts. In nearly 
every case the decline has been sudden, with strong evidence 
that death would soon have ensued had not the food been changed. 
In each case immediate recovery has followed a change in the diet, 
thus showing the experimental foods to be inadequate for pro- 
longed nutrition. 

Whether the deficiency of the purely artificial diet ,is to be 
attributed to improper proportions of its constituents, to improper 
combinations of these constituents, or to the lack of some essential 
element, is at present difficult to determine. That the elements 
essential for prolonged maintenance are present in milk from which 
the fat and protein have been removed is also shown in the charts 
already referred to. In every case the substitution of a food 
containing its inorganic constituents and a part of its carbohydrate 
in the form of this so-called “protein-free milk’”’ has resulted in 
immediate recovery of the depleted animal, and thereafter the 
animal has continued in a well-nourished state until its life ter- 
minated from disease or old age. If we compare the body weight 
curves of mature animals maintained in nutritive equilibrium on 
the purely artificial diet with those of animals fed on a diet known 
to be deficient in some element supposed to be essential for main- 
tenance, we find a marked difference. Thus animals kept ona 
diet free from inorganic salts or on one containing as its sole pro- 
tein either zein or gelatin, which lack tryptophane, immediately 
decline and continue to fall in weight throughout the entire time 
of such feeding; whereas in the experiments with the purely 
artificial mixtures containing adequate proteins and inorganic 
salts a decline in weight occurs only after some time, and is then, 
in nearly every case, sudden and severe. That no serious damage 
has been done to the animal is shown by its rapid recovery when 
protein-free milk is added to the food; however, that it has suffered 
in some way is indicated by the fact that when restored to its 
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original weight it cannot then be again maintained for any con- 
siderable time when returned to the original diet. 

Whether or not this means that its cells have lost something 
essential for their normal activity, which is furnished by the “pro- 
tein-free milk,” cannot now be determined; but the experimen- 
tal-evidence is sufficient to justify a search for such a substance in 
milk. Recently published . investigations by Hopkins’ indicate 
that milk, as well as other natural food materials, contains a sub- 
stance or substances which, even in very small quantities, suffices 
to induce normal and continued growth, for several weeks at least, 
in rats maintained on artificial mixtures of food substances which 
are otherwise inadequate for growth.'® . 

Charts 5, 7, 8, 9, 10 and 11 show that with the aid of “protein- 
free milk” it is possible to maintain rats for periods equal to practi- 
cally their entire adult lives on foods containing a single purified 
protein, and also that the successful food proteins may differ 
very widely in their chemical make-up without affecting the phy- 
sical well being of the animal to any noticeable extent. If we con- 
sider that after hydrolysis with acids gliadin yields 25 per cent of 
its nitrogen as ammonia, while casein and edestin yield only 10 
per cent, and that gliadin yields only 5.8 per cent of its nitrogen 
as basic amino-acids while casein yields 22.2 per cent and edestin 
31.4 per cent, it is evident that the form in which the nitrogen is 
presented to the animal is very different for each of these proteins. 
These differences are further emphasized by the proportion of 
some of the amino-acids determined by methods which give results 
of sufficient accuracy to justify comparison. 
CASEIN 


EDESTIN GLIADIN 


I coal. sa} adc 6.4 3.81 1¢ 


4.17 3.16 
I 3. ci bee sa oo 2.50 2.19 1.56 
PONG Acct cae vi 5.95 1.65 . 
Glutaminie acid........... 15.55 18.74 43 . 66 
SIR elec iss Cans ws 0.00 3.80 0.00 





* Regarding the presence of lysine in gliadin, see Osborne and Mendel: This Journal, xii, 
p. 480, 1912. 





‘7 Hopkins: Journ. of Physiol., xliv, p. 425, 1912. 
18 Cf. also Suzuki, Shimamura and Odake: Biochem. Zeitschr., xliii, p. 
89, 1912. 





T. B. Osborne and L. B. Mendel 241 


Another important difference, which has usually been over- 
looked when comparing casein with other proteins, is that only 
about 0.1 per cent of sulphur can be obtained as sulphide from 
casein, whereas from edestin 0.35 and from gliadin 0.62 per cent 
ean be obtained, thus showing that casein contains very little 
cystine. , 

~ The possibility of successful maintenance is not by any means 

restricted to the particular proteins employed in these experiments. 
It happens, however, that our longest records involve those pro- 
teins which earliest elicited our experimental interest, and which 
could be prepared in pure form most advantageously. 

Special importance centers in the remarkably successful main- 
tenance of rats upon gliadin. The continuance of Rat 130, for 
example (see Chart 11), during more than 530 days of adult life 
on a mixture of isolated food substances containing a single pro- 
tein deficient in two familiar Bausteine, lysine and glycocoll,!® 
and which affords an inadequate diet for satisfactory growth, 
furnishes by far the longest experiment on record of “ artificial’ 
nutrition and should serve to justify the renewal of studies with 
the isolated foodstuffs. We have at present records of twelve 
rats which have been maintained more than 400 days on compar- 
able food mixtures and five animals whose maintenance record 
exceeds 500 days. These prolonged nutrition trials exceed in 
duration the best maintenance records which we have thus far 
obtained in our stock colony of animals fed on mixed foods. Bear- 
ing in mind that these diets are, in addition to their probable 
freedom from glycocoll in the case of casein, and their deficiency 
in glycocoll and lysine in the case of gliadin, devoid of more than 
the merest possible traces of purines and of phosphoproteins, 
except in the case of casein, the synthetic activities of the organism 
are again clearly brought to mind. It would surely be an extreme 
exaggeration of every metabolic probability to assume that in 
periods extending far longer than a year, 7.e., approximately 
one-half of an animal’s span of life, the organism had conserved its 
store of the missing chemical complexes or altered its chemical 
make-up. The latter assumption indeed is completely at vari- 
ance both with the available evidence regarding the chemical 


1° Regarding the possible presence of lysine and glycocoll in gliadin, see 
Osborne and Mendel: This Journal, xii, p. 480, 1912. 
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fixity of the tissues and biological considerations respecting the 
identity of species. 

The possible criticism which may be evoked by the use of “ pro- 
tein-free milk’ containing a minute trace of unremoved milk 
protein (equivalent to about 0.5 per cent of the entire food), 
can be met satisfactorily only by maintenance experiments which 
we are now conducting with artificial mixtures of inorganic salts 
and carbohydrates.2° The trials have .as yet continued over too 
short periods to be in any way comparable with the longer records 
above. <A few charts are, however, appended (see Charts 12 and- 
13) because they already indicate a considerable degree of success 
in the absence of milk protein as well as of the hypothetical organic 
“hormones,”’ etc., present in the milk. The experiences with the 
artificial salt mixture I (see Charts 2, 7, 10 and 14) afford evi- 
dence on this point, for in these experiments the animals were 
maintained in good health for 190, 360, 400 and 200 days respec- 
tively before declining in weight. 

As a corollary, so to speak, to the preceding experiments in 
successful maintenance are appended a few records of failures of 
maintenance associated with the administration of manifestly 
inadequate proteins (cf. Charts 15, 16, 17, 18, 19, 20 and 21). 
In several of these the ready restoration of body weight by the 
addition of, or replacement by, adequate protein is clearly indi- 
cated. It is interesting to note the more or less successful repair 
of nutritive failure by gliadin (see Charts 17, 18 and 21) which is 
inadequate to promote true growth.” 

The failure to be maintained on the inadequate proteins, zein 
and gelatin, is not to be ascribed to a failure in utilization; for 
nitrogen determinations made on the feces showed that the utili- 
zation of the protein was good. 


DISCUSSION. 


The currently discussed theories of metabolism emphasize the 
importance of the ‘‘Bausteine” as fundamental factors in protein 
_ metabolism; and they lay stress by inference, if not by experiment, 


20 Osborne and Mendel: Proc. Soc. for Exp. Biol. and Med., ix, p. 72, 1912° 
21 The physiological réle of gliadin is discussed by Osborne and Mendel: 
This Journal,*xii, p. 473, 1912. 
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upon the results of supplying these in adequate proportions as a 
primary requisite.22. Now and then there has arisen a protest 
against the general view that the similarity of the molecule of the 
food protein to that of the specific body proteins determines its 
relative food value to the animal, and that any one of the essential 
cleavage products which is present in smallest amount in the food 
protein determines the value of the entire molecule to the animal. 
McCollum,” for example, has presented experimental data which 
do not harmonize entirely with the most widely accepted theories 
concerning the chemistry of protein metabolism and which he inter- 
prets to indicate that the processes of cellular catabolism and repair 
do not involve the construction and resynthesis of the entire pro- 
tein molecule. Abderhalden has lately summarized his view of 
the situation in these words: 


Hier miissen wir allerdings eine zurzeit noch grosse Liicke in unseren 
Kenntnissen besonders hervorheben. Wir wissen noch sehr wenig iiber 
die Fahigkeiten der tierischen Zellen Aminosiuren zu bilden. Nur fiir 
Glykokoll ist bewiesen, dass es aufgebaut werden kann. Ferner wissen 
wir von Tryptophan, dass es offenbar von den Kérperzellen nicht gebildet 
wird. Ebenso scheinen die aromatischen Bausteine nicht ersetzbar zu 
sein. . . . . Es muss somit der Méglichkeit gerechnet werden, dass 
die Zelle imstande ist, manchen Baustein zu ergiinzen und damit das zu 
Gebote stehende Aminosiuregemisch besser verwertbar zu machen. Durch 
die Hervorhebung dieser Liicken in unseren Kenntnissen iiber den inter- 
mediiren Zellstoffwechsel wird das Hypothetische in unseren Vorstel- 
lungen iiber den Ablauf des Eiweissstoffwechsels im tierischen Organismus 
mit Absicht besonders betont.** 


The experimental records presented in the preceding pages 
suggest that we have in the past greatly underestimated the possi- 
bility of a transmutation or synthesis of amino-acids in the organ- 
ism, and that these chemical processes may play a more signifi- 
cant part in nutrition than has been credited to them hitherto. 


The realization of the possibility of a transmutation of amino-acids . 


has an obvious bearing upon the question of the quantity of pro- 
tein in the diet; for the arguments in favor of a liberal protein 


22 Cf. Mendel: Ergeb. d. Phystol., xi, p. 418, 1911; Cathcart: The Physi- 
ology of Protein Metabolism, 1912. 

23 McCollum: Amer. Journ. of Physiol., xxix, p. 215, 1911. 

*4 Abderhalden: Synthese der Zellbausteine in Pflanze und Tier, Berlin, 


1912. 
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intake have in part been based upon the belief that all of the Baus- 
teine must be supplied in adequate amounts. The ability to be 
maintained over long periods on the chemically unique protein 
gliadin is an excellent illustration of the point raised. 

To what extent the daily “wear and tear’ of metabolism may 
require a new supply of Bausteine to replace depleted tissue, 
remains a matter of conjecture at present. Studies to determine 
the amount of nitrogenous material involved in what Rubner has 
termed the “ Abnutzungsquote” show that it is not large in quan- 
tity. ‘The experiments here recorded give no answer to the possi- 
ble extent of the synthesis of new amino-acids except perhaps in 
the case of glycocoll and lysine. Further investigations with the 
various proteins must be undertaken to determine the relative 
minimum quantities of each of them essential for long continued 
maintenance. Our foods ordinarily contained 18 per cent of 
protein—a proportion of the total intake found in the case of 
casein to be larger than the necessary minimum of about 6-7 
per cent of the food. Similar experiments are now in progress 
with gliadin and edestin. 

That a protein as unlike the tissue proteins as is gliadin can, 
in fact, serve for the construction of new tissues through the inter- 
vention of the metabolic processes of the mature animal is no 
longer to be doubted in view of an experiment reported in another 
paper,” in which a pair of rats maintained 178 days on gliadin 
as the sole protein in the diet produced four healthy young and 
successfully reared them. This involved not only the construc- 
tion of ‘the tissues of the young, but also the production of the 
milk by which they were successfully nourished. 

The recent observation of Grafe and Schlapfer on the protein- 
sparing action of organic ammonium salts,”* as well as those of 
Abderhalden,”’ taken in connection with the striking experiments 
of Knoop and Embden on the synthesis of individual amino-acids 
under purely experimental conditions, brings the synthetic powers 
of the animal organism into new prominence. Indeed as Grafe 
remarks: 


25 Osborne and Mendel: This Journal, xii, p. 473, 1912. 

26 Grafe and Schlaipfer: Zeitschr. f. physiol. Chem., |xxvii, p. 1, 1912; 
Grafe: ibid., xxviii, p. 485, 1912. 

27 Abderhalden: ibid., Ixxviii, p. 1, 1912. 
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Da wir hier erst am Anfange unserer Kenntnisse auf einem ganz neuen 
Gebiete des intermediiren Stoffwechsels und der synthetischen Leistungs- 
fihigkeit des tierischen Organismus stehen, haben zuniichst natiirlich alle 
Deutungsversuche nur sehr untergeordnete Bedeutung und kénnen nur als 
Arbeitshypothesen dienlich sein. 


Further evidence of the physiological efficiency of animals main- 
tained on single proteins is brought out by the fact that the capac- 
ity of reproduction has not been impaired in these animals and 
no obvious physical defects or unusual behavior were discernible. 

The long records from the continued use of unchanged rations 
afford further confirmation of what we have earlier pointed out, 
namely, that monotony of diet is not necessarily a troublesome 
factor and is not of such importance in nutrition problems as is 
usually supposed.?° 

To what extent alimentary bacteria may intervene to furnish 
adequate building stones to the organism by utilizing the products 
of digestion found in the alimentary tract as their own nutritive 
pabulum and reconverting it by means of their eminent synthetic 
capacity into products suitable for the higher organisms cannot be 
definitely stated. It is not impossible that in the case of such 
substances as ammonium salts they may render some effective 
service by converting the nitrogen into other assimilable forms. 
We do not at present regard these bacterial possibilities as an 
adequate explanation of the nutritive success recorded; otherwise 
there is no apparent reason why a protein defective for growth 
should not be rendered efficient through this means. The con- 
tributions of the microérganisms to nutrient efficiency need further 
investigation and the possibilities have lately been clearly sum- 
marized by Armsby.”® 

We believe that experiments such as those reported in this 
paper show the possibility of approaching certain of the problems 
of nutrition by new and hitherto discredited methods of study. 
The exceptionally long periods of feeding and observation involved 
in our successful trials are in striking contrast with most of the 
previously published records. If we had been content to discon- 


28 Cf. Hart, McCollum, Steenbock and Humphrey: University of Wis- 
consin, Agricultural Experiment Station, Research Bulletin No. 17, 1911. 

29 Armsby: The Nutritive Value of the Non-protein of Feeding Stuffs, 
Bureau of Animal Industry, Bulletin 139, 1911. 
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tinue the experiments after a reasonable period many of the 
declines evidently associated with imperfections in the dietary, 
and readily checked by a change in feeding, would have escaped 
attention. Such facts deserve to be considered in relation to 
current work in which the criteria of adequate nutrition on unusual 
diets such as amino-acid mixtures, etc., are sought in the nitrogen 
balance of the animals. None of the records, so far as we are 
aware, extend over periods even half as long as some of ours which 
ultimately ended in nutritive failure. Nitrogen balances may at 
times prove singularly deceptive, and give apparently favorable 
indications of equilibrium although the real nutritive status of the 
animal may be less promising. This is brought out in the consid- 
eration of some of the animals reported in an earlier publication.*® 

Now that an animal can be maintained for. long periods on a 
single protein there is prospect of a successful consideration of 
those other factors in nutrition which are even more illusive. The 
relative significance of the inorganic ions, and the qualitative value 
of the fats and carbohydrates which supplement the diet ought 
to be rendered amenable to study.*! In the case of the carbo- 
hydrates we have already made observations which suggest that 
it is no longer justifiable to consider these foodstuffs from a single 
standpoint without reference to their structural individuality. 
The consideration of such facts must, however, be reserved for 
other communications. 


30 Osborne and Mendel: Carnegie Institution of Washington, Publication 


156, Part I, 1911. 
31 Cf. Osborne and Mendel: This Journal, xii, p. 81, 1912. 





T. B. Osborne and L. B. Mendel 247 


APPENDIX. 
Explanation of the Charts. 


The abscissae of the curves represent days and the ordinates, actual 
body weight (solid line) or food-intake (dotted line) in grams. In some 
of the charts the average (normal) curve of growth, plotted from body 
weight data available for normally growing animals of the same sex, is 
represented by a broken line for comparison. The food intake curve is 
plotted from the quantities of food eaten per week. The numbers on the 


body weight curves indicate the time at which changes in the character 


of the feeding were instituted. 
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Cuart 1, Rat 127 7, shows long-continued maintenance on the diets ind bel 
diet was given each week. The possible effect of this is discussed in Publiff 156 
minated by diseased lungs after 499 days of experimental feeding. 
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CuHart 2, Rat 133 9, shows maintenance during 465 days on a diet in 
time the animal’s life was terminated by a tumor of the spleen. Note tl 
ganic salts and a part of the carbohydrate of the original food mixture. 

The diet during the different periods is shown below. 
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edestin from hempseed formed the sole protein. 
l recovery in periods 2 and 4 when protein-free milk replaced the inor- 
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Cuart 3, Rat 147 9, shows long continued maintenance on a diet col 


lungs after 445 days of experimental feeding. 
The diet during the different periods is shown below. During period 
on Chart 1. 
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liadin as the sole protein. The animal’s life was terminated by diseased 


iquantity of feces from rats on a mixed diet was supplied. See legend 
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Cuart 4, Rat 2409, shows failure to make more than slight growth on 
normal rate after 276 days of stunting. At this time the rat was 314 days 
The diet during periods 1 and 2 was: 
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eat which rats normally grow very little more. 
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Cuart 5, Rat 134 9, shows long continued maintenance on a diet containif, ; 
mental feeding by an ulcer of the pylorus. 
The diet during periods 1 and 2 was: 
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Cuart 6, Rat 71 o’, shows long-continued feeding of isolated foodstuffs and ajpng- 
mal’s life was terminated after 531 days of experimental feeding by an abscess or thijwhi 
The diet during the different periods was as follows: 
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; and Ml™mg-continued maintenance on glutenin from wheat as the only protein. The ani- 
s or thi™ivhich made eating impossible. 
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Cuart 7, Rat 150 9, shows long-continued maintenance on a diet containing 
days of experimental feeding. 
The diet during the different periods is shown below. During period 2 a small 
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tining qs its sole protein. The animal’s life was terminated by diseased lungs after 53S 


small @@ty of feces from rats on a mixed diet was supplied. See legend on Chart 1. 
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CHART 8, Rat 141 9, shows long-continued maintenance on a diet containing casein : 


diseased lungs. 
The diet during the different periods is shown below. 
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PERIODS 3 AND 5. 
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After 587 days of experimental feeding the animal’s life was terminated by 
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Cuart 9, Rat 139 o, shows long-continued maintenance on a diet co 
mental feeding, but no cause for death was shown by the autopsy. 
The diet during the different periods is given below. 
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iet comme casein as its so'e protein. The animal died after 468 days of experi- 


PERIODS 3 AND 5. 
per cent. per cent. 
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Cuart 10, Rat 124 9, shows long-continued maintenance on a diet containing edestin a: 
609 days of experimental feeding (which is, so far as we are aware, the longest record off ye 
original weight. During period 2 the rat received small quantities of feces from normall) 


PERIODS 1, 2 AND 3. 
per cent. 
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100.0 
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See legend on Chart 1. 
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PERIOD 5. 


per cent 


18.0 

















268 Maintenance with Isolated Proteins 





























kK - Ghiaidin Foo as 
































0 Days 20 40 : 2 2 26 x 








Cuart 11, Rat 130 9, shows long continued maintenance on a diet containiifip a: 
mental feeding by diseased lungs and a large parasite, over 40 cm. long, encysteqifive: 
The diet during the different periods is shown below. During period 2 the raf s1 


PERIODS 1, 2 AND 3. 
per cent. 
Rapes WINN Soc: uss Nees eae ean kann 6 bee aaleace 18.0 Gliadin (wheat) 
SE acc ciic utes ose oem eeak clades eeaeeiweseeen 9. Protein-free milk 
peels va wah cas bab eenadd came anieceveoean ; OU ccsbee sexs. 
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yntainij™m as the sole protein. 


neyste@mmiver. 
’ the ra 


per cent. 
is eewaeeh ewan 18.0 


The animal’s life was terminated after 546 days of experi- 


|small quantities of feces from normally fed rats. 


PERIOD 5. 
per cent. 
ee os ashy eshancesesece ee 60.0 
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See legend for Chart 1. 
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CuartT 12, Rat 271 9, shows long-continued maintenance on a purely artificial dict 
containing casein as its sole protein. The animal died, after 277 days of experimental 
feeding, with diseased kidneys. 

The diet during the different periods is shown below. 


PERIOD 1. PERIOD 


Casein (cow’s milk) 
Starch 


CuartT 13, Rat 588 9, shows maintenance 
on a diet containing gliadin as the sole protein 
and an artificial imitation of the natural pro- 
tein-free milk. After 114 days the artificial 
protein-free milk was replaced by the natural, 
but the decline in weight which had begun was 
not stopped by this change. The autopsy 
showed no adequate cause for death. 

The diet in periods 1 and 2 was: 




















PERIOD 1. PERIOD 2. le Gliadin + artificial Protemmfiee milk 
per cent. per vent. oS ------—N 

CRE coctiocd swe. See IIR. nss sda rciscy SS 
Artificial protein-free Protein-free milk..... 28.0 
er 26.0 
28.0 °o Days 20 


100.0 
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gliadin as its sole protein. 
small quantities of feces from normally fed rats. 
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CuHarT 14, Rat 142 9, shows maintenance on a diet containing 


During periods 2 and 3 the rat received 
For a discussion of 


the effect of the sterilized and normal feces see Publication 156, p. 62, 


Carnegie Institution of Washington. 


The animal died suddenly 


after 219 days of experimental feeding, but unfortunately no autopsy 


was made. 


The diet was as follows. 


PERIODS 1, 2 anp 3. 


per cent. 

I 2 SLL ts as, onic oon iets Sng eal Sian 18.0 
ESR LOSS Ra Ore ates Int age ie. eum cee mT AAR Me™ 29.5 
ES is inks aoa eC tae ORG pKa ne chine uacice «ie 17.0 
M8 CO te eee, os Core oi He daien gcse paktmn Rie 5.0 
EN Bo us. Suc eas eat cadet brekebales oh vagion’ 2.5 
CREE B Cg eR. Cepae SN nl rk JOE eT eM Ae, SAO 28.0 
100.0 
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Cuart 15, Rat 477 o’, shows rapid de- 
cline on a diet containing gelatin as its 
sole proteir, and subsequent mainte- 
nance and repair when the gelatin was 
either partially or entirely replaced by 
casein. After 158 days of experimental 
feeding the animal’s life was terminated 
by diseased lungs. 

1 The diet during the different periods 
a | is shown below. 
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PERIOD 1. 


- 


Gelatin food. 








per cent. 
Gelatin (horn).... 18.0 
Protein-free milk. 28.0 
| Pe 
IS eRe 























100.00 
PERIOD 2. PERIOD 3. PERIOD 4. 


per cent. per cent. Casein food. 

Gelatin food (as in Gelatin food (as in 
period 1) 

Casein food (as in Casein food (as in 
period 4) period 4) 


per cent. 

Casein (cow’s 
Ms cect ec ecas See 
Protein-free milk. 28.0 
ERNE: 
eee 


100.0 


Cart 16, Rat 592 o’, shows rapid decline on a 

diet containing gelatin as its sole protein, followed 

— by normal growth when the gelatin is replaced by 

' casein. The animal’s life was terminated after 119 

days of experimental feeding by calculi in the bladder. 

The diet during the different periods is shown be- 
low. 





milk. 


: coe 
ting 
sé¢in it 


Gela 
protein-free 
Ca 





infree milk 
® | ° 


in-freemilk 
ef 
} 
1 
' 
Na 


pro { 
[ror 


Calsein + 





PERIOD 1. PERIOD 2 


Gelatin food. Casein food. 





Gelatin + 


per cent. per cent. 
Gelatin (horn).... 18.0 Casein (cow’s 
Protein-free milk 28.0 








100.0 





PERIOD 3. 





per cent. 
Gelatin food (as 
in period 1).... 50.0 
Casein food (as in 
period 2....... .- 50.0 


100.0 
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Cuart 17, Rat 598 9, shows 
rapid decline on a diet containing 
gelatin as its sole protein, and re- 
covery when one-half of the gela- 
tin was replaced by gliadin, a pro- 
tein incapable of inducing more 
than very slight growth when it 
forms the sole protein constituent 
of the dietary. The animal’s life 
was terminated by diseased kid- 
neys after 120 days of experimen- 

tal feeding. 
| The diet during the different 
Bo So periods is shown below: 








Gelatin + protein. free mk 
































Days 
PERIOD 1, PERIOD 2. Gliadin food. 


per cent. per cent. 
Gelatin (horn)......... 18.0 Gelatin food (as in Gliadin (wheat) 
Protein-free milk 28.0 period 1)............ 50.0 Protein-free milk 
ae eee 


100.0 
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CuartT 18, Rat 659 9, shows rapid de- 
cline on a diet containing zein as its sole 
protein, followed by recovery when the 
zein was entirely or partially replaced by 
gliadin or casein. 

The diet during the different periods 
is shown below. 
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PERIOD 1. PERIOD 2, PERIOD 3. PERIOD 4. 


grams. per cent. per cent. per cent. 
Zein (maize) 18.0 Gliadin (wheat). 18.0 Zein food (as in Zein food (as in 


Protein-free milk. 28.0 Protein-free milk 28.0 
24.0 .0- Gliadin food (as 
30.0 ; in period 2).... 75.0 


oe _—— 


100.0 100.0 
Casein food. 


grams. 
18.0 
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0 
Cuart 19, Rat 146 <”, shows rapid decline on a diet containing zein as its sole protein, 
followed by speedy recovery when the zein was partially or entirely replaced by casein or 
edestin. The experiment was terminated after 266 days of experimental feeding. 
The diet during the different periods is shown below. 


PERIODS 1 AND 3. PERIOD 2. PERIOD 4, 


per cent. per cent. 
Zein (maize).............. : Zein food (asin period 1) 50.0 Zein food (asin period 1). 50.0 
Protein-free milk : Casein food (as in period Edestin food (as in period 


5).. 


PERIOD 5, PERIOD 6. 


per cent. per cent. 
Edestin (hempseed) Casein (cow’s milk) 18.0 
Protein-free milk ; Protein-free milk........ . 2.3 
Starch } Starch 








T. B. Osborne and L. B. Mendel 


































































[ 3 e 
<x 
E 
2 2607 XN y Lad 
s. : ¢| 2 
S| fla 
—o ae N — 72 i, S| 
ar oj & 
lg” | 7 ol: 
z V/ ba AGH 
ee 4 oT 
22 | 2 ais 
i <, e;e 
«- - Zeing protein free milk. bac _Zeing protein free milk Sh __ | ° re Sen . so 
| | Casemn? ° es ° ° ri = | . 
| nr £ +/ 
— —t ese ry £4 £+-¥ 
\ | ‘ » 8 ‘ \| © s als 
4 Ae Pr No | N |G 









~ 
» 





























OE 
So 








Cuart 20, Rat 475 o, shows rapid decline on a diet containing zein as its only 
protein, followed by recovery when one-half of the zein was replaced by casein. 
Note that the decline in period 3 when only one-sixth of the zein was replaced by 
casein was immediately checked when 3 per cent of the zein was replaced by 























Stn, tryptophane. 
a OF This experiment is still in progress. 
The diet during the different periods is shown below: 
PERIOD 1. PERIOD 2, PERIOD 3. PERIOD 4. 
grams. per cent. per cent. per cent. 
. Zein (maize)...... 18.0 Zein food (as in Zein food (as in Zein food (as be- 
) Protein-free milk 28.0 period 1)........ 50.0 period 1)....... ee Ms 2 83.33 
GIES Sind nd ky se 24.0 Casein food....... 50.0 Casein food (as Casein food (as 
) | EES aR 30.0 —- in period 2).... 16.67 inperiod2).... 16.67 
x _—-— 100.0 __- —-- 







100.00 100.00 









Casein food. Zein food. 










grams. grams. 

Casein (cow's Zein (maize)..... 17.46 

milk)........... 18.0 Tryptophane..... 0.54 

Protein-free milk 28.0 Protein-free milk 28.00 
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Cart 21, Rat 628 <’, shows rapid decline on a diet con- 
taining zein as its sole protein, followed by maintenance when 
the zein was replaced by gliadin or lactalbumin. 

The diet during the different periods is shown below. 


PERIOD 1. 


grams. 

Zein (maize) 18.0 
Protein-free milk 28.0 
24.0 

30.0 

100.0 

15 ce. 


PERIODS 2 AND 4. 


per cent. 
Gliadin (wheat).. 18.0 
Protein-free milk 28.0 
ree E 
ee 


100.0 - 


LACTALBUMIN FOOD. 


per cent, 

Lactalbumin 
(cow’s milk).... 18.0 
Protein-free milk. 28.0 


PERIOD 3, 


per cent. 

Gliadin food (as 
in period 2).... 75.0 
Lactalbumin food 25.0 


100.0 





ON THE KYRINE FRACTION OBTAINED ON PARTIAL 
HYDROLYSIS OF PROTEINS. 


FIRST COMMUNICATION. 


By P. A. LEVENE anp F. J. BIRCHARD. 
(From the Rockefeller Institute for Medical Research, New York.) 


(Received for publication, October 3, 1912.) 


Few facts of general character regarding the structure of the 
protein molecule have been added since the work of Fischer. The 
one very important contribution was that of Siegfried, based on 
his discovery of kyrines. The significance attributed to kyrines 
consisted in the hypothesis that they constituted fragments of 
the protein molecule, resembling natural protamines, and hence 
their discovery substantiated the theory of Kossel that protamines 
represent the nucleus to which other amino-acids join on in order 
that a complex molecule of protein may be formed. Whether 
or not Siegfried has proven Kossel’s hypothesis is a problem still 
awaiting solution, but this investigator undoubtedly has indi- 
cated a process by which can be accomplished a partial hydrolysis 
of protein, leading to the formation of comparatively simple 
peptides. A priori, it seemed logical to expect that if more than 
one-basic peptides were formed in the process of hydrolysis they 
would all appear in the general fraction named by Siegfried “‘ky- 
rine sulphate.”’ Hence it seemed desirable to investigate more 
closely the composition of the kyrine fraction obtained on par- 
tial hydrolysis of protein with the view of a possible discovery in 
it of more than one peptide. 

The expectation was realized inasmuch as the crude kyrine 
fraction’ obtained from gelatin was fractionated into two peptides. 
This conclusion has forced itself on us first as a result of the com- 
Amino N 
Total N" 
kyrine mixture. The arguments can be made more obvious by 
discussing the details of the analytical data. 
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parison of the ratio before and after hydrolysis of the 
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Following the directions of Siegfried, a substance was obtained 
from gelatin, resembling in every way kyrine sulphate, which 
was further purified by means of silver sulphate and barium hy- 
drate. The substance obtained after this purification had the 
following properties: Its elementary composition resembled that 
of Siegfried’s kyrine; its phosphotungstic compound crystallized 
in the same form as described by Siegfried for the same deriva- 
tive of kyrine; on hydrolysis it gave arginine, lysine, glutaminic 
acid, glycocoll and proline. The presence of the latter was 
demonstrated by the indirect method. These amino-acids were 
combined in peptide linking to some extent. The reason for 
this assumptian is the following: If the substance were a mixture 
of amino-acids the ratio of the amino nitrogen to the total nitro- 
gen should have been 5:9. Since in arginine three nitrogen 
atoms do not function as primary amino nitrogen, and since the 
nitrogen of proline must be placed in the same class, in a mixture 
of the five named amino-acids containing nine nitrogen atoms, 
five possess the properties of primary amines in their behavior to 
nitrous acid. 

The ratio of amino nitrogen to total nitrogen in our substance 
was only from 32 to 33 per cent, indicating that some of the pri- 
mary amino nitrogen atoms had ceased to function as such, pre- 
sumably through the formation of peptide linkings. 

The next task was to ascertain whether or not the five amino- 
acids were combined in one or in more than one peptide. If the 
five acids were linked into one peptide this should contain only 
two nitrogen atoms in the form of primary amino nitrogen, namely, 
that of the end-acid and the one in the w-position in the lysine. 
Thus a pentapeptide composed of the five named amino-acids 
requires a ratio of amino nitrogen to total nitrogen of 2:9 or of 
22 per cent. The substance obtained by us contained 32 per 
cent of amino nitrogen. Hence it was composed of more than 
one peptide. 

These data, and the data obtained on the nitrogen partition 
after hydrolysis, led us to the belief that the substance consisted 
of two basic peptides: one containing lysine and three mono- 
amino-acids, and the other arginine and one amino-acid. This 
assumption was corroborated by the fact that it was possible to 
separate the mixture into two fractions by means of silver sul- 
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phate and barium hydrate. One of these, arginine glutaminic 
acid peptide, was about 95 per cent pure. The degree of purity 
was demonstrated by the ultimate analysis of its sulphate, by the 
ratio of amino nitrogen before and after hydrolysis, by the quanti- 
tative estimation of arginine contained in it and by the fact that 
both arginine and glutaminic acid were obtained from it on hydro- 
lysis. The second peptide has not yet been obtained in the same 
degree of purity. The nitrogen partition of the pure peptide 
requires a ratio of 40 per cent of amino nitrogen; instead of which, 
the substance contained only about 37 per cent. It is hoped 
that this peptide will also be obtained in a sufficient degree of 
purity before very long. Work on the separation of the basic 
peptides from other proteins is at present in progress. 
Amino N 
Total N’ 
per cent was not exactly the kyrine sulphate of Siegfried, but was 
chosen for the reason that it offered a more convenient material 
for presenting our arguments. The kyrine prepared according 
to Siegfried by repeating the precipitation with alcohol five times 
had the ratio Ammo: 5 = 23.6 per cent. By means of one treat- 
Total N : ; 

ment with silver sulphate and barium hydrate it was separated 
into two fractions, one of which consisted principally of the dipep- 
Amino N 
Total N° 
per cent. Hence it is evident that the substance obtained by us 
according to the directions of Siegfried contained a higher pro- 
portion of the dipeptide than the mixture discussed in this com- 
munication. 

However, it should be born in mind that only slight changes in 
the conditions of hydrolysis may bring about considerable varia- 
tions in the composition of the products obtained through it, 
and hence it is possible that the substance analyzed by Siegfried 
had a composition different from that of the substance obtained 
by us. ' 


The substance discussed here, with the ratio of 32 


tide, the other being a mixture having the ratio 
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EXPERIMENTAL PART. 










The original material was prepared according to the method 
of Siegfried for the preparation of gluto-kyrine! and need not be 
discussed here. It was analyzed as sulphate after drying in vacu- 
um to constant weight at the temperature of boiling chloroform 
for one day and at the temperature of boiling alcohol for seven 
days, and had the following composition. 







Ash, 1.8 per cent. 

Substance, 0.2250 gram; COs, 0.2948 gram; H,O, 0.1248 gram. 
§ Substance: 0.1538 gram required 17.65 cc. of 75 acid. 
Substance: 0.2618 gram gave 0.2032 gram BaSQy,. 














id Substance here Kyrine sulphate 
2 described: of Siegfried: 
8 RG SSeS OPES FMR e ene tere 35.70 per cent. 31.86 per cent. 
___ SER es b> Eee aes 6.22 per cent. 5.61 per cent. 
PEs be hls al etd sida Be nits 16.06 per cent. 15.98 per cent. 






Dee a aduaninls Wipdes hate eh 10.65 per cent. 10.13 per cent. 





Amino nitrogen ratio in the original kyrine sulphate. 











The ratio of amino nitrogen to total nitrogen was determined 
according to the method of Van Slyke. One gram of substance 
was dissolved in 50 cc. of water and the total nitrogen determined 
according to Kjeldahl and the amino nitrogen according to Van 
Slyke. 


Total N: 10 ce. solution neutralized 21.8 ec. 7) acid. N = 30.52 


















mgm. 
: Amino N: 10 cc. solution gave 12.7 cc. gas at 19°, 754mm. N = 7.20 
' mgm. 
} Amino N 
qT ONE cy iy a tino Lain nh Gk Marie) Se ome auc 23.61 per cent. 






tL Total N 
t The substance was ammonia-free. 0.5 gram substance distilled with 
Ca(OH). and methyl alcohol under diminished pressure neutralized 0.0 
ce. 7p acid. 







Purification of: the kyrine sulphate. 





The kyrine prepared according to Siegfried’s directions was 
further purified by treatment with silver sulphate and barium 











i 1 Bericht der math.-physik. Klasse der kénigl. séchsischen Gesellschaft der 
I Wissenschaften zu Leipzig, March 2, 1903. 
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hydrate as in Kossel’s method for the separation of arginine from 
the hydrolytic mixture. The kyrine sulphate was dissolved in | 
a few cubic centimeters of water and a hot solution of silver sul- 
phate added, care being taken to constantly cool the resulting 
liquid by surrounding it with ice. The addition of silver sul- 
phate was continued until a drop of the mixture added to a ‘ 
solution of barium hydrate on a watch glass produced a brown 

coloration. After cooling, finely powdered barium hydrate was 2 
slowly added to complete saturation, the liquid being constantly 
stirred mechanically. The precipitate was filtered off with the 
aid of suction, the whole being kept in a refrigerator at approxi- 
mately 0°. The precipitate and the filtrate were then slightly 
acidified with sulphuric acid and decomposed with hydrogen sul- 
phide. The resulting solutions were finally freed from sulphuric 
acid, concentrated to a small volume under diminished pressure, 
the sulphates formed by the addition of sulphuric acid and each 
precipitated in a large excess of absolute alcohol. After stand- 
ing for some time in the refrigerator at 0° the peptides were fil- 
tered off with the aid of suction, washed with absolute alcohol and 
ether and dried in a desiccator over sulphuric acid. 
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Nitrogen partition in the “purified kyrine’”’ before hydrolysis. 






0.75 gram substance was hydrolyzed with 20 per cent hydro- 
chloric acid for twenty hours. The excess of hydrochloric acid 
was then distilled off under diminished pressure, the residue taken 
up in water, exactly neutralized with sodium hydrate and finally 
brought to a volume of*50 cc. In a duplicate experiment 1.4 
grams of substance were treated in the same manner. 








(1) Total N: 10 ce. solution required 15.8 ec. 74 acid. 
N = 22.12 mgm. 
Amino N: 10 ce. solution gave 12.8 cc. gas, 19°, 760 mm. 
N = 7.28 mgm. 







Amino N 
Total N ; 
(2) Total N: 10 cc. solution required 38.7 cc. 74 acid. : 
N = 54.21 mgm. 
Amino N: 10 ce. solution gave 31.5 cc. gas, 25°, 758 mm. 
N = 17.46 mgm. 


pee LARD Chg Eta ts Sade aw dah a eben on 32.9 per cent. 
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The ratio of amino nitrogen to total nitrogen after hydrolysis. 


0.5 gram of the substance was hydrolyzed with 30 cc. of a 20 
per cent solution of hydrochloric acid for twenty hours over flame 
with return condenser. The excess of hydrochloric acid was 
removed by distillation, the residue taken up in water, neutralized 
with sodium hydrate and brought to a volume of 50 ce: 


Total N: 10 cc. solution required 12.89 ec. 74 acid. 
N = 18.04 mgm. 
Amino N: 10 ce. solution gave 20.4 cc. gas, 19°, 760 mm. 
N = 11.69 mgm. 
Amino N 


Total N 64.7 per cent. 
Nitrogen partition in the phosphotungstic acid precipitate and fil- 
trate after hydrolysis. 


One gram of substanct was hydrolyzed with a 20 per cent solu- 
tion of hydrochloric acid for twenty hours over flame with return 
condenser. After removing the hydrochloric acid by repeated 
concentration under diminished pressure the residue was taken 
up with 10 per cent sulphuric acid and a 10 per cent solution of 
phosphotungstic acid added. The solution and precipitate so 
formed were then heated on the water bath until the precipitate 
was nearly all dissolved and then allowed to stand until the next 
day. The nitrogen in the precipitate and filtrate was determined 
ac@ording to Kjeldahl. 

The precipitate required 44.60 cc. of 4 ncid and the filtrate 25.92 
ec. of 4 acid. Hence the ratio of nitrogen in the phosphotungstic 

44.60 


70.52 ~ 63.25 per cent. 


precipitate to the total nitrogen = 


Amino nitrogen ratio in the phosphotungstic acid precipitate and 
filtrate. 


In a second portion the ratio of amino nitrogen to total nitro- 
gen in the phosphotungstic acid precipitate and filtrate after acid 
hydrolysis was determined. The precipitate was brought into 
solution with the aid of dilute alkali and brought to a volume of 
30 ce. 
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Total N: 10 cc. solution gave 9.19 ec. 4 acid. N =.38.59 mgm. 

in toto. : 

. Amino N: 10 ce. solution gave 12 cc. gas, 20°, 760mm. N = 20.52 : 
mgm. in toto. i 
Amino N 





AMET A ta 6d Ride kale OAs AUR REY ews Cod 53.1 per cent. 







Total N 





> 


The filtrate was concentrated to a volume of 50 ce. 









at i ° ° ~ N ° y 3 
Total N: 35 ec. solution required 15 cc. yp acid. N = 30.0 mgm. ; 











in toto. : q 
Amino N: 10 ce. solution gave 7.9 cc. gas, 19°, 760 mm. N = 22.53 
mgm. in toto. ; 
Amino N “Tr : : 
I ac Gide Win Cx wen «nie Uh Fe PON ed «ho Kwai arts 75.1 per cent. 
Total N ; 


Hydrolysis of the kyrine fraction aiming to isolate the individual 
components. 








About 45 grams of the sulphate were hydrolyzed with a 20 per 
cent solution of hydrochloric acid for twenty-four hours. The 
solution was then treated with phosphotungstic acid in the man- 
ner before described, the precipitate was washed chlorine-free 
with 5 per cent sulphuric acid, and the phosphotungstic and sul- 
phuric acids were removed quantitatively with barium hydrate. 
The resulting liquid was concentrated to a small volume and to 
a portion an alcoholic solution of picrolonic acid was added and 
allowed to stand over night. The precipitate so obtained was 
recrystallized out of water and analyzed. 












Substance, 0.1600 gram; COs, 0.2541; H.O, 0.0706. 
a 






Calculated for ; 
CeHuNiOe . CioHsNiO;; Found: 
ATR RE LE EAGAN MBE Fe UE ne eS RRR DO 43.82 43.23 






Jaa do ASS Nes cae Rep POOR AONE AE aes ep 5.05 4.90 









Lysine was isolated from the phosphotungstic acid precipitate 
according to Kossel’s method and obtained as the picrate. It 
was identified by determining the amino nitrogen. 






Substance, 0.0930 gram; gas, 12.8 cc., 20°, 764 mm. 





: Caleulated for . 
CoHuNvO2 . CeH2(NO2);0H: Found: 
7.86 


7.48 
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Glutaminic acid was separated from the phosphotungstic acid 
filtrate as hydrochloride after removal of the sulphuric and phos- 
photungstic acids quantitatively by barium hydrate. 


0.1500 gram substance gave 0.1153 gram silver chloride. 


Calculated for 
CsH»NO« . HCI: Found: 


19.01 


The excess of hydrochloric acid was removed by concentration 
under diminished pressure and the remainder with silver sulphate. 
The silver was removed with hydrogen sulphide and the sulphuric 
acid with barium hydrate and the volume brought to 200 cc. 


Total N: 5 cc. required 17.85 cc. 75 acid. N = 24.94 mgm. 
Amino N: 5 ce. gave 32.2 cc. gas, 20°, 760 mm. N = 18.30 mgm. 


The ratio of amino nitrogen to total nitrogen in the phospho- 
tungstic acid filtrate = 73.3 per cent or 26.7 per cent of the nitro- 
gen is non-amino nitrogen. This indicates the presence of proline 
or oxyproline. 

The copper salts were formed from the remainder of the filtrate 
and extracted with hot alcohol. On standing a large portion 
crystallized out. The portion soluble in hot and cold alcohol 
appeared on analysis to be largely the copper salt of proline or 
oxyproline. It was dissolved in 20 cc. of water. 


Total N: 10 ce. required 20.43 ce. 75 acid. N = 28.60 mgm. 
Amino N: 10 ce. gave 17 cc. gas, 18°, 764 mm. N = 9.81 mgm. 
Amino N 


= 34.3 or 65.7 per cent of the nitrogen of the phospho- 
Total N 


tungstic acid filtrate is non-amino. 


The nitrogen content of the crystals which separated from the 
hot alcohol did not correspond to any of the ordinary amino- 
acids. 


0.0964 gram substance required 7.3 cc. 7g acid. N = 10.22 mgm. 
Total N 10.60 per cent. 
0.0991 gram substance gave 18.4 cc. gas, 20°, 764 mm. 

N = 10.53 mgm. 
Amino N 10.63 per cent. 


The analysis of the copper salt of the portion insoluble in hot 
and cold alcohol indicated a mixture, probably of alanine and 
glycocoll. 


. 





ob 
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' 


0.2154 gram substance gave 0.2146 gram CO,; 0.0910 gram H,0O. 


Calculated for Calculated for Pound: 
(C2HsNO2)2Cu: (CsHeNOz)2Cu: ’ 


25 .00 30.00 27 .28 
5.00 4.60 


The results of the hydrolysis show that arginine, lysine and 
glutaminic acid are certainly present and probably also proline. 
Glycocoll may also be present and perhaps alanine. 


Preparation of the dipeptide. 


The precipitate obtained on treatment of the solution of the 
original kyrine with silver sulphate and barium hydrate contained 
the dipeptide. It was freed from silver and barium in the manner 
described earlier in the paper and transformed into the sulphate 
in the same manner as the original kyrine. The dipeptide nature 
of the substance was based on a Fo ratio before and after 
Total N 
hydrolysis, on the fact that on hydrolysis it yielded arginine and 
glutaminic acid and on its elementary composition. A dipep- 
tide composed of arginine and glutaminic acid should contain 
only one free primary amino group out of five nitrogen atoms in 
the molecule, or the Amino N is calculated at 20 per cent. The 

Total N 
values found on analysis of the substance only slightly exceeded 
that value. 

The ratio of the nitrogen in the form of amino-acids to the 
basic nitrogen is calculated also at 20 per cent, and the analyzed 
body showed the value of the nitrogen of amino-acids to-repre- 
sent 21.1 per cent of the total nitrogen. 

Furthermore, on hydrolysis of the dipeptide, free arginine and 
free glutaminic acid are formed, hence the mixture of the two 
contains twice the number of amino groups as compared with 
the original number. The value found on hydrolysis of the ana- 
lyzed body only slightly exceeded the theoretical value. 

Finally the arginine determination made directly on the peptide 
gave results deviating only slightly from the value theoretically 
calculated. 
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Elementary analysis of the dipeptide. 






The dipeptide was analyzed as sulphate. It was dried under 
diminished pressure at room temperature over sulphuric acid for 
several days and then at the temperature of boiling chloroform 
for two days and at that of boiling carbon tetrachloride for five 
days. 


Substance, 0.2407 gram; COs, 0.2943; H.O, 0.1242. 
q Substance, 0.1808 gram; COs, 0.2160; H.O, 0.0916. 
+ 0.3209 gram substance required 40.1 cc. 7 acid = 56.14 mgm. N. 
} 0.4033 gram substance gave 0.2712 gram BaSQ,. 
0.1952 gram substance gave 0.1276 gram BaSQs. 





















(CataNsOs) HS0,; Found: 

MT an nk Bin A ib o ace We Owr hae Se ae 32.90 32.97 

BR Faas ocd Cea dd a bab oa clediee an 5.73 5.72 
SNES Fees nes toate Se BORE a a 17.40 17.48 

t ES ae er a Ae Ene Sona 8.20 9.11 






Hydrolysis of the dipeptide indicating the nitrogen partition before 
and after hydrolysis. 





! Two solutions of the sulphate were prepared, the first contain- 
tt ing approximately 0.5 gram of the sulphate in 25 cc. and the 
second, 1.0 gram in 25 cc. These solutions were used for the 
determination of the amino nitrogen before hydrolysis. A third 
t solution containing approximately 2.5 grams of the sulphate was 
hydrolyzed with hydrochloric acid in the usual manner and the 
nitrogen partition in the phosphotungstic acid precipitate and 
filtrate determined in the manner described for the ‘purified 
kyrine” fraction. The ratio of amino nitrogen to total nitrogen 
was also determined in the same manner. 


ae tore on —— 
RTE oa SA LN Ris alc Sele PN ase = 












NRPS el AS OIE Ek anes 











Before hydrolysis. 





(a) Total N: 10 ce. solution required 17 cc. 4} acid. N = 23.80 mgm. 
Amino N: 10 cc. solution gave 8.7 cc. gas, 20°, 760mm. N = 4.96mgm. 
Amino N 


Total N 
(b) Total N: 5 ce. solution required 21.4 ec. 7 acid. N =29.96 mgm. 
Amino N: 10 ee. solution gave 22.5 ec. gas, 30° ,758 mm. N = 12.23 







cir ee a eR eS iuce aR ins Se er ios 20.8 per cent. 







mgm. 
Amino N on 4 : 
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After hydrolysis. 


(1) Nitrogen partition in phosphotungstic acid precipitate and filtrate. 
Total volume of the solution, 50 cc. 5 ce. solution required 21.78 ce. 
‘5 acid. Total N = 304.92 mgm. 

Total N in filtrate from phosphotungstic acid precipitate: Total volume 
of solution, 100 ec. 25 ce. solution required 11.55 ec. 4) acid. N =*16.17 
mgm. Total N = 64.68 mgm. 


The ratio of the nitrogen in the phosphotungstic acid filtrate 
to the total nitrogen = 21.1 or’ the ratio of the nitrogen in the 
phosphotungstic acid precipitate to the total nitrogen = 78.9 
per cent. 

Allowing for the correction of the solubility of arginine phospho- 
tungstate, one finds the nitrogen value of the phosphotungstic 
precipitate to constitute 79.7 per cent of the total nitrogen. 


(2) The ratio of amino nitrogen to total nitrogen. This determination 

was made on a second portion hydrolyzed as previously described. 
Total N: 10 cc. solution required 21.90 cc. #5 acid. N =-30.66 mgm. 
Amino N: 10 cc. solution gave 24 cc. gas, 20°,760mm. N = 13.68 mgm. 
Amino N 
Rag gh We OE NS ee ai a, aC ee 44.4 per cent. 

Total N , 


Hydrolysis of the dipeptide. 


100 cc. of an aqueous solution of the dipeptide containing 1.22 
grams of nitrogen were concentrated to 20 ec. and 2 grams of sul- 
phuric acid added. This was hydrolyzed by heating for five 
hours in a sealed tube. Water was added so that the solution 
finally contained 5 per cent sulphuric acid and then was precipi- 
tated with phosphotungstic acid. After standing for two days in 
the refrigerator, the precipitate was filtered off in the cold and 
washed with 5 per cent sulphuric acid. The phosphotungstic acid 
was removed from the filtrate by shaking out with ether, the ether 
distilled off, and the sulphuric acid removed quantitatively with 
barium hydrate. The resulting solution was concentrated under: 
diminished pressure to a small volume and alcohol added, when a 
portion crystallized out. This crystallized portion was dissolved 
in water and converted into the picrolonate and analyzed. 
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Substance, 0.0998 gram; COs, 0.1604 gram; H.O, 0.0338 gram. 
Calculated for Found: 
CsHyNO« . CioHsNiOs: ’ 


Eiiovivsegs owes thschiusiansaanbbeneenn 43.75 4.38 
ee gare rr Worms Pars ee Reh or” Rey 4.16 ed 





The mother liquors were also converted into the picrolunate. 
These analyzed for a mixture of an inorganic picrolonate and 
impure glutaminic acid. 


Ash-free substance, 0.1038 gram; CO», 0.1702 gram; H.O, 0.0274 gram; 
Ash, 0.0022 gram. , 


iis a:6-¢ Sead 6 bk aaa nS 6 dds tc ad bie ide ones Dadi 44.70 per cent. 
Midis bd siden aera ehh doe e CRE AAe eth eubker tonto 2.95 per cent. 
ete isan wig esau ok Ee earanearacccegsesereretebecccese 2.20 per cent. 


The phosphotungstic acid precipitate was suspended in water, 
decomposed with barium hydrate and the acid removed quanti- 
tatively. The resulting solution was concentrated under dimin- 
ished pressure and picrolonic acid added. The resulting crystals 
were filtered off, washed, dried and analyzed. 


Substance, 0.1196 gram; COs, 0.1804 gram; H,O, 0.0420 gram. 


. Calculated f 
CeHusNqOu(CioHsN :Os)2: Found: 

DU iis cas Gd ck ao RED Vale Rake 44.40 45.05 
Dh c's 3d ba bo Re or ode Oe ae Saree cua 4.27 4.30 


Arginine content of the dipeptide. 


The arginine was determined directly on the peptide without 
preceding hydrolysis. 10 cc. of an aqueous solution of the sub- 
stance were boiled in a Kjeldahl flask with 20 cc. water and 15 
grams of potassium hydrate in the manner described by Van Slyke? 
for arginine determination. At the end of ten hours water was 
added to the flask and the distillation continued for another hour. 
Of the original aqueous solution of the dipeptide 10 cc. were used 
for the arginine determination and 5 cc. for the total nitrogen. 


Total N: 5 cc. solution required 35 cc. 7p acid. N = 49 mgm. 
Arginine N: 10 cc. solution boiled with 20 cc. water and 15 grams 
KOH neutralized 26.75 ce. 75 acid = 37.45 mgm. 
N. Total arginine N = 74.90 mgm. 
Calculated: Found: 
Te III TN go os 0 os che Ch ae as 80.0 76.5 per cent. 





* This Journal, x, p. 26, 1911. 
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Amino nitrogen content in the mother liquor from the dipeptide. 


On the basis of the assumption made in the present communi- 
cation, the filtrate from the silver and barium precipitate should 
contain a peptide composed of all the other amino-acids recognized 
among the cleavage products of the original kyrine, except arginine 
and glutaminic acid. The polypeptide formed in this manner 
should contain two amino groups and three non-amino nitrogen 
atoms in the molecule or sare . ratio = 40 per cent. We 
have not yet succeeded in obtaining a solution of the pure tetra- 
peptide; however, after five repeated treatments with silver sul- 
Amino N 
Total N 
from 23 per cent to 36 per cent, thus indicating that with more 
patience and with more material one might obtain the pure tetra- 
peptide. " 


phate and barium hydrate the ratio of the solution rose 


Total N: 5 cc. solution required 16.5 cc. 75 acid. N = 23.10 mgm. 
Amino N: 10 cc. solution gave 29.0 cc. gas, 21°, 772 mm. 

N = 8.34 mgm. 
Amino N 


“Total N 36.1 per cent. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE GAS 
METABOLISM OF BACTERIA. 


FIRST PAPER. 


THE GASEOUS PRODUCTS OF FERMENTATIONS OF DEXTROSE 
BY B. COLI, BY B. TYPHOSUS AND BY BACT. WELCHII. 


By FREDERICK G. KEYES anv LOUIS J. GILLESPIE. 


(From the Biological Laboratory of Brown University.) 


(Received for publication, October 9, 1912.) 


Earlier investigations. 


B. coli. The literature on the gases produced by B. coli on 
various culture media has already been reviewed by one of us.! 
It was found that very little work had been attempted on this 
subject by investigators familiar with the properties of gases. 

Harden? found that, when B. coli was grown anaérobically on a 
non-albuminous dextrose medium based on asparagine, the as- 
paragine was reduced to ammonium succinate with a consequent 
lessened evolution of hydrogen. He therefore made use of media 
made of beef broth and of Witte’s peptone and concluded, from a 
study of the solid, liquid and gaseous products, that on these 
media dextrose was decomposed with the formation (if not evo- 
lution) of equal volumes of hydrogen and of carbon dioxide. 
His gas analyses showed for the most part more hydrogen than 
carbon dioxide. 

One of us* determined for several strains of B. coli the quantities 
and the composition of gas obtained in various incubation periods 


1 Keyes: Journ. of Med. Res., xxi (N. 8. xvi), p. 69, 1909. In this com- 
munication the composition of the culture medium was unfortunately given 
incorrectly. The medium always contained, in addition to the constit- 
uents noted, 1 per cent of Merck’s ‘‘ Highest Purity’’ dextrose. 

2? Harden: Trans. Jenner. Inst., 1899, ii, p. 126; Journ. Chem. Soc. 
(Transactions), lxxix, p. 610, 1901. 

3 Keyes: Journ. of Med. Res., xxi (N.S. xvi), p. 69, 1909. 
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by an exact method from vacuum fermentations of dextrose. A 
non-albuminous asparagine medium was used for the most part, 
but a dextrose meat bouillon was also tested; and it was found that 
a larger percentage of hydrogen was indeed evolved from the albu- 
minous medium but that even on this medium carbon dioxide 
was produced in considerably greater volume than hydrogen.* 

B. typhosus. Hesse® studied the gas metabolism of this organism 
by growing it in the presence of air and drawing off samples of gas 
from day to day for analysis. He stated that carbon dioxide is 
evolved and that oxygen is absorbed but he did not calculate his 
analytical results. We calculate from his protocols that in one 
instance as much as 18 ce. of carbon dioxide was evolved aérobic- 
ally from 33 cc. of “‘glycerin agar-agar.”’ 

Harden‘ detected no production of gas from anaérobic fermenta- 
tions of dextrose by B. typhosus and Pakes and Jollyman’ detected 
no formation of gas from sodium formate—the supposed in- 
termediate product between dextrose and carbon dioxide and 
hydrogen. 

Bact. welchii. Dunham* analyzed the gas evolved by this organ- 
ism from 1 per cent dextrose bouillon in Smith fermentation tubes. 
The ratio CO.:He was 0.43, but his results are not comparable with 
ours because he disregarded the loss of carbon dioxide due to solu- 
tion in the medium and to diffusion from the open end of the fer- 
mentation tube. 


Technique. 


Organisms. Cultures were kept in a vigorous state of growth 
by means of frequent transfers and isolations by the plate method. 
The medium used for B. typhosus and Bact. welchii was the ordi- 
nary meat extract peptone agar; in the case of B. coli it consisted 


4 We shall give below an analysis from a fermentation on a Witte’s peptone 
medium, which gave practically the same figures as the meat bouillon. We 
have always found more CO, than H2, and attribute Harden’s contrary 
result, as also his negative result with B. typhosus, to insufficient removal of 
dissolved carbon dioxide from the culture fluid. 

5 Hesse: Zeitschr. f. Hyg., xv, p. 17, 1893. 

6 Harden: Journ. Chem. Soc. (Transactions), xxix, p. 610, 1901. 

7 Pakes and Jollyman: Journ. Chem. Soc. (Transactions), Ixxix, p. 459, 
1901. 

8 Dunham: Johns Hopkins Hospital Bull., viii, p. 68, 1897. 
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of 1 per cent dextrose, 0.2 per cent disodium phosphate and 1.5 
per cent agar, with either 1 per cent asparagine for experiments 
on asparagine media or 1 per cent ammonium lactate for experi- 
ments on lactate media, and was made neutral to litmus with 
sodium hydrate. Test cultivations of B. coli or of B. typhosus 
were started from a loopful of culture taken from the surface of a 
twenty-four-hour growth on slant agar. Bact. welchii fermenta- 
tions were started from stab cultures. Subcultures from the test 
cultivations were never used for further tests. The organisms 
answered the usual identification tests. 

Culture fluids. The culture fluids were sterilized in the absence 
of air in fermentation bulbs (to be described) in streaming steam 
by the intermittent method. The reaction after boiling was 
slightly acid to litmus, except in certain experiments (noted in the 
protocols) in which the reaction was made just neutral to phenol- 
phthalein by the addition of normal sodium hydrate. When 
alkali was added, the amount of carbon dioxide thus introduced 
was calculated from a determination of the actual volume of 
carbon dioxide liberated from a sample of the sodium hydrate 
solution upon acidification in vacuo with sulphuric acid. Since 
the medium was subsequently exposed only momentarily to the 
atmosphere, the correction applied (a small one) was exact. 

Oxygen. Oxygen was prepared by heating potassium perman- 
ganate in vacuo and was purified by passing over phosphorus pen- 
toxide and over sodium hydrate (not that purified by alcohol). It 
was measured dry, the pressure being read on a barometer column. 
Generator, burette and barometer were permanently incorporated 
in the pump system (fig. 2) by fused glass joints. The generator 
was exhausted by the mercury pump and then rinsed out twice 
with small quantities of oxygen before the gas was generated for 
use in the work. 

Control of gaseous environment and collection and analysis of the 
gases. Fermentations were conducted either in vacuo® or in the 
presence of gases admitted in known quantities after a vacuum 
had first been obtained. 


The fermentation bulbs (fig. 1) fitted with stopcocks of a special form 
described by one of us,!° were about half or three-quarters filled with cul- 





® That is, in 4n atmosphere of water vapor only. 
10 Keyes: Science (N.S.), xxviii, p. 17, 1908. 
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ture medium, and were sterilized. After sterilization, the stopeocks of 
the bulbs were wiped dry with sterile rolls of filter paper and re-greased with 
sterile lubricant. The lubricant was the non-volatile non-antiseptic mix- 
ture described by one of us. The medium was then inoculated. 

The bulbs were then freed from gases. It was found that this could be 
done to any desired degree of completion by the use of a good Sprengel water 
pump, which was capable of maintaining the pressure at from 9 to 15 mm. 
(The use of a mercury pump gave no better results and was moreover un- 
necessarily troublesome.) This method of exhaustion depends upon rins- 
ing out the gas with water vapor. In extracting dissolved gases from liquids 
the driving force becomes less as the process becomes more nearly complete 
and the process comes practically to an end while detectable amounts of 
gases are still dissolved, unless by vigorous agitation the liquid is kept well 
mixed and many new boundary surfaces thus continually formed. We 
found that, without agitation, pumping for an hour after most of the air 
had been removed was not so efficacious as five or ten minutes’ vigorous 
shaking interrupted by a few exposures to the action of the pump. This 
experience led us to think that the degree of exhaustion is controlled, in 
cases where the space above the liquid is kept as free from gases as in these 
experiments, by the thoroughness of agitation. The bulbs were therefore 
subjected alternately to the action of the pump, by opening the stopcock 
of the bulb for an instant, and to a vigorous shaking. This was repeated 
until a metallic sound was emitted upon striking the bulb hard with the 
finger ends!” and was then further continued until this effect (which cannot 
be produced until the vacuum is rather good) was produced only with great 
difficulty. As the liquid was shaken, falling drops of liquid clicked metalli- 
cally against the sides of the bulb. We believe that we were able to treat 
the bulbs with practical uniformity and that before we finished the process 
the gas that remained in any bulb was negligible in quantity so far as our 
analyses were concerned." 

If gas was to be admitted, the bulb was now connected to the pump sys- 
tem by a short piece of heavy walled rubber tubing, which was well painted 
with hot adherent grease. Both ends of the tube were bound tightly on with 
copper wire. The tubing connecting the bulb with the gas burette was evac- 
uated by the use of the mercury pump, and the gas, having been measured, 
was pushed over into the bulb. By careful manipulation practically all 
the gas could be passed over into the bulb without admitting any mercury. 


11 Keyes: Journ. Amer. Chem. Soc., xxxi, p. 1271, 1909. 

12 Special experiments have shown us that this sound is occasioned by 
the tearing apart of the liquid with the liberation of a bubble or two of gas 
and the consequent collapse of the newly formed walls of liquid. Thus the 
range of concentrations of dissolved gases at which this effect is possible, 
should be, as it in fact is, limited in both directions. 

13 Except possibly in the case of B. typhosus, where the total gas evolu- 
tion was very small. 
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Fic. 1. FERMENTATION BULB ad 


FITTED WITH VACUUM Fic. 2. THE PUMP SYSTEM. 


STOPCOCKS. B, oxygen measuring burette; D, 


B, bottle, secured by cotton delivery tube—it connects with gas 
plug, serving to keep sterile the analysis apparatus at C; M, manometer 
capillary lead. Capacity of column, provided with meter stick; ¢, t, 
bulb, about 300 cc. air traps; V, valve tight to ascending 

mercury. Fermentation bulb connects 
at F. Mercury reservoirs connect by 
heavy rubber tubing at R, R, R. 


After incubation at about 37°C., the gases in the bulb were 
recovered by the mercury pump and analyzed. In every instance, 
the whole obtainable quantity was pumped out and the whole 
quantity was used for the analysis or else a measured portion after 
the gases were well mixed. The gas absorptions were conducted 
according to the method of Hempel. The burettes were filled with 
mercury. Carbon dioxide was absorbed by strong caustic soda solu- 
tion (after the total volume had been measured dry); oxygen, by 
phosphorus or when necessary by alkaline pyrogallol; and hydrogen 
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was determined by exploding with a quantity of air sufficient to 
avoid the burning of nitrogen. Other gases were absent. Some- 
times the Hempel pipettes were used for the reagents; but when 
small amounts of gas were to be analyzed, they were generally 
measured under diminished pressure, and treated with absorbing 
reagents in tubes inverted over mercury, as in the method given 
by Travers.'* Sometimes the diminution of pressure was read on 
an open manometer; and sometimes the actual pressure was 
read on a barometer (the space of which was saturated with water 
vapor) sealed to the burette. The work was done in a cellar where 
the temperature was sufficiently constant. All gas volumes have 
been calculated for 0°C., 760 mm. and dryness. The medium was 
always strongly acid after incubation so that no carbon dioxide 
was retained chemically. 


Experiments with B. Coli. 


Experiment 1. B. coli was grown in vacuo for 48.2 hours on 250 cc. of a 
medium containing 1.00 per cent each of Witte’s peptone and Merck’s 
‘‘Highest Purity’’ dextrose in distilled water, prepared hot and filtered. 


56.1 per cent. 
43.0 per cent. 
COs per gram of dextroge......................... 90.7 ce. 
Ratio, CO2:He 1.31 
The ratio 1.28 was found by one of us" for beef infusion broth containing 
1 per cent each of dextrose and Witte’s peptone. 


It seemed better to work with a medium containing no sub- 
stances of unknown composition. One such, described by Dolt,' 
has the advantage that no amino group is present so that retention 
of hydrogen by the type of reaction found by Harden for aspara- 
gine is excluded. It consisted of 1.00 per cent ammonium lactate, 
1.00 per cent dextrose and 0.200 per cent disodium phosphate in 
distilled water, prepared without heating. In tableI are given 
some experiments upon this medium, arranged according to the 
length of incubation. 

The influence of phosphate, of nitrate and of increased dextrose 
percentage is shown in table II. The medium contained 1.00 per 


14 Travers: Study of Gases, 1901, p. 28. 


15 Keyes: Journ. of Med. Res., xxi (N. 8. xvi), p. 69, 1909. 
16 Dolt: Journ. Inf. Dis., v, p. 616, 1908. 
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TABLE I. 






B. coli in vacuo. 




















INCUBA- | CO2 
EXP, NO. ip ag “06 4 | “an | CO: | H: | an amans x 
ce. hours | cc. | per cent per cent ce. 
2 100 23.3 | 27.60 | 51.1 | 14.10 
3 25 40.0 > ae 48.1 14.30 1.03 
4 100 44.3 | 28.40 | 51.3 48.1 | 14.55 1.06 
100 58 .2 28 .60 | 51.1 47.0 14.60 1.09 












cent of ammonium lactate and various quantities of dextrose, 
sodium phosphate and ammonium nitrate, as noted. In experi- 
ments 7, 8 and 9- Merck’s “Highest Purity’? dextrose was used; 
in experiment 6, the same recrystallized from alcohol; in experi- 
ment 10, a nitrate-free dextrose (Merck’s “‘Pure’’) recrystallized. 

The effect of an increase of phosphate is to increase the total gas 
formation, probably by delaying acid inhibition, and to increase 
the formation of carbon dioxide more than hydrogen. 

The effect of nitrate is to decrease slightly the carbon dioxide 
formation and to use up most (or all) of the hydrogen that would 
otherwise be produced. The latter effect has been goted by Pakes 
and Jollyman.'” Merck’s ‘‘Highest Purity’? dextrose was found 
by the phenolsulphonic acid method to contain 0.04 per cent of 
sodium nitrate, which could be reduced to 0.01 per cent by recrystal- 

lization. Assuming proportionality, the result of experiment 9 
would indicate that the amount of nitrate present in 1 gram of 
the “Highest Purity” dextrose could use up 0.012 cc. of hydrogen, 
a quantity which is negligible for B. coli fermentations but which 
would be of great significance in B. typhosus fermentations. The 
ammonium lactate and sodium phosphate were found free from 
nitrates by the same (controlled) test. 

In another part of our work, to be communicated in a second 
paper, we have studied somewhat fully the effect of oxygen upon 
B. coli fermentations of dextrose in an asparagine medium. The 
following figures show the results for an aérobic fermentation by 

B. coli of a medium composed of 1.00 per cent “Highest Purity”’ 




























17 Pakes and Jollyman: Journ. Chem. Soc. (Transactions), xxix, p. 386, 
1901. 
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dextrose, 1.00 per cent ammonium lactate and 0.100 per cent di- 
sodium phosphate: 


Experiment 11. B. Colt. 


0 SEES eae 
RI Goa) See e Ts eee swe Cae S's .108. hours. 
10.56 ee. 
5.18 ce. 
2.58 cc. 
0.96 cc. 
CO, per gram of dextrose......................... 10.36 ce. 
Ratio, CO.2:He 5.4 
NS ccs ii'sn'es 3a Fo havin Rs 2.01 ce. 


Experiments 3, 4, 5 and 10 show that it is possible to find con- 
ditions such that nearly equal volumes of CO, and H, are obtained 
but that the CO, is always in slight excess. Evidently the pres- 
ence of oxygen, of nitrates or of sodium phosphate, since all these 
substances tend to increase the ratio of carbon dioxide to hydrogen, 
prevents the realization of the value unity for this ratio. Dolt'® 
found that B. coli required either phosphates or nitrates for its 
growth. We have found that in the absence of nitrates anaérobic 
growth vanishes if the phosphate content is sensibly reduced below 
the lowest concentration used in the experiments given above, so 
that it appears that, in spite of a systematic error due to the greater 
solubility of carbon dioxide in the culture liquid, it is not possible 
to collect equal volumes of carbon dioxide and hydrogen. This 
means that if, as Harden concluded, the decomposition of dextrose 
by the action of B. coli results in the formation of an equal number — 
of molecules of carbon dioxide and hydrogen, according to the 
“classical”? fermentation of Duclaux,!® there occurs also a process 
which either uses up hydrogen or produces carbon dioxide and 
which is therefore oxidational. This process seems to be neces- 
sary for growth. 


Experiments with B. typhosus. 


A few experiments were made with two strains of the typhoid 
bacillus. Neither strain could be grown on Uschinski’s solution, 
on Fraenkel’s modification or on various other simple media. 


18 Dolt: Journ. Inf. Dis., v, p. 616, 1908. 
19 Duclaux: Traité de microbiologie, iv, p. 49, 1901. 











el ekg Riga et aaevenen *eursieteian car 


“aie ee 


pet 


eel ete 


Pan 2 Heli aan 


—— pia eet 


Tospe sales 





2. ES ee 







300 Gas Metabolism of Bacteria 





The culture fluid consisted of 1.00 per cent each of Witte’s peptone 
and dextrose in distilled water, prepared hot and filtered. In the 
first four experiments Merck’s ‘‘ Highest Purity’ dextrose was used 
and in the fifth a preparation made by recrystallizing Merck’s 
“Pure” (nitrate-free) dextrose from alcohol. 

The following analysis for experiment 5 typifies the procedure 
followed in the analysis of small quantities of gases. The explo- 















Analysis of experiment 8. 









' | | 
| z 7 ~— 
| OBSERVED MANOMETER | PRESSURE TEMPER VOLUME AT| MEAN 





































VOLUME READINGS ATURE | 760 MM. | VOLUME 
| eo Tees ee 
|( 4.20 | 528 124] 399 | 22.0 | 2.150) | 
Total gas......) 6.80 | 357 114] 248 | 2.180?| 2.183 
5.70 | 413 118} 295 22.9 | 2.220 | 
| | 
/{ 1.00 | 264 138) 126 22.5 | 0.166) | 
|| 5.00 | 147 121 26 23.0 > a0} 
After KOH...|; 2.35 | 187 132! 55 “— 0.171 
1.80 | 204 134! 70 22.9 | 0.1 
1.40 | 234 135) 99 0.182} | 
2.60 544 130) 414 23.1 pens 
3.75 | 425 126) 299 1.470 
Air added.... { 5.15 339 120/219 1.480} 1.458 
5.80 309 118 191 23.0 1.460 | 
4.60 365 123) 242 1.460] 
Pass spark...., 4.60 | 363 123| 244 1.460 
Added elec- | | 
trolytic gas | | 
se a | 3.20 | 442 129| 313 1.310) 
a oti] mix. |$ 2°00 | 206 19] 177 1.300] | agg 
rae melt 6.80 | 258 114] 144 1.290/| * 
ure ©*"11 3.40 | 410 128| 292 | 23.0 | 1.290 
ploded on) 
passing. 
spark. 


























The result (volumes at room temperature, but dry without correction 
because the barometer space was saturated with moisture) is therefore 

Bis cua hoe et ees 2.012 Residual................ 0.054 

RPS: Mere . 0.107 RAY gc may eet 2.173 
All gas volumes 1 were further reduced to 0°C. 
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sive gas was calculated as hydrogen, and the closeness with which 
the sums of the analytical percentages thus found approach 100 
per cent indicates that the explosive gas was hydrogen. On so 
small a quantity of gas as that remaining for the hydrogen deter- 
mination the non-production of carbon dioxide upon explosien 
could not be certainly proved. 

Since the presence of dextrose is of great importance for growth 
of bacteria in the absence of oxygen, it is not possible to show by 
the omission of dextrose what is probably the truth: that the gases 
obtained came from the dextrose. Nevertheless a significant 
amount of fermentable sugar could not have been present in the 
peptone, since it was found that B. coli produced anaérobically on 
a 1 per cent solution of Witte’s peptone in forty-eight hours at 
37°C. only 0.095 ec. of CO. (38 per cent of the total gas) per gram 
of peptone, and B. typhosus produced under the same conditions 
less than 0.02 cc. of COs per gram of peptone. 

These results show that carbon dioxide and hydrogen are evolved 
by the action of B. typhosus on dextrose, but that the amounts 
produced are very much less than those produced by B. coli, and 
the ratio of carbon dioxide to hydrogen is many times higher in 
the case of B. typhosus. Upon the nitrate-free dextrose (experi- 
ment 5) considerably more hydrogen is produced. The increase 
per gram of dextrose is about 0.027 cc., whereas the volume of 
hydrogen which the amount of nitrate in question can use up in a 
B. coli fermentation we have found above to be 0.012 ce. 

Just as the amount of nitrate present as impurity in the dex- 
trose, while it introduced no significant error in the results for B. 
coli, made a large difference in the results for B. typhosus (where 
the total amount of gas was much smaller), so may the principles 
in the peptone which increase the ratio with B. coli make a greater 
difference with B. typhosus. It is possible that this is wholly 
responsible for the difference in the values of the ratio found for 
the two organisms. 


Experiments with Bact. welchit. 


Bact. welchii was grown anaérobically on a medium consisting 
of 1 per cent each of Witte’s peptone and Merck’s “Highest 
Purity” dextrose in distilled water. No alkali was added. 
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TABLE IV. 
Bact. welchii in vacuo. 


INCUBA- CO: 

/OLUME ¢ AL ; E L ) 
exp, 00. |"Soeee| Ton ae | Toe CO2 H. ees PER GRAM | ae 
a 37° ' . DEXTROSE 2 


ce. hours ce. percent | percent | per cent ce. 


1 | 100 120 61.3 | 60.0} 39.3 | 0.5 | 
| 50 336 | 63.5 | 58.5 | 41.2] 0.3 | 
— 


ms 


_ 





The results differ chiefly from those found for B. coli upon this 
medium in the larger volumes of gas found per gram of dextrose. 


Comparison of the three microérganisms. 


Some of the foregoing experiments give a basis for a compari- 
son of the three organisms, namely, those anaérobic fermentations 
of a medium consisting of 1 per cent each of Witte’s peptone and 
dextrose. In table V are given the maximum volumes of carbon 
dioxide evolved per gram of dextrose and the ratio CO.:H2. The 
lower value of the ratio given under B. typhosus is that obtained 
with nitrate-free dextrose. 

TABLE V. 


| 
| 
B. TYPHOSUS B. COLI BACT. WELCHII 


Carbon dioxide in cubic centimeters} 2.1 30.7° 74 
3 


Ratio, CO2:He from 19 to 44 1.31 1.48 


- *48.2 hours; possibly not maximum amount vbtainable. 
SUMMARY. 


The gas evolution accompanying the growth of certain bacteria 
on culture media containing dextrose has been studied by an ex4ct 
method. 

I. The principal results for B. coli are: 

A. Dextrose-peptone media yield considerably larger volumes 
of carbon dioxide than of hydrogen upon anaérobic fermentation. 
The volume-ratio CO2:He is 1.31. 

B. A suitable ‘synthetic’? medium (composed of ammonium 
lactate, disodium phosphate and dextrose) yields anaérobically 
nearly equal volumes of the two gases. The ratio CO.:H:2 is always 
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greater than unity and has a mean value of 1.06 for a medium of 
given composition. 

1. The presence of oxygen raises the value of this ratio. 

2. Increase of phosphate content also raises the value. 

3. The phosphate cannot be reduced sensibly in quantity, or 
substituted by a salt less objectionable. 

4. The value 1.06 for the ratio CO.:H, is minimal. This means 
that if the principal gas reaction consists of a liberation of an 
equal number of molecules of carbon dioxide and hydrogen from 
dextrose there also occurs an accompanying gas reaction of the 
nature of an oxidation. 

II. B. typhosus produces anaérobically from a dextrose-peptone 
medium small volumes of carbon dioxide and an explosive gas, 
probably hydrogen. The ratio CO.:H2 is never lower than 19. 

III. Bact. welchii produces anaérobically from a dextrose-pep- 
tone medium large volumes of carbon dioxide and hydrogen. 
The ratio COz:He is 1.48. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF THE GAS 
METABOLISM OF BACTERIA. 


SECOND PAPER. 


THE ABSORPTION OF OXYGEN BY GROWING CULTURES OF B. 
COLI AND OF BACT. WELCHII. 


By FREDERICK G. KEYES anp LOUIS J. GILLESPIE. 


(From the Biological Laboratory of Brown University.) 


(Received for publication, October 9, 1912.) 


We have studied the gas production of B. coli and of Bact. 
welchit for various incubation periods in the presence of oxygen 
admitted to the fermentation bulbs in known quantities after a 
vacuum had first been obtained. The technique employed has 
been described by us in the preceding paper. 

From the data so obtained we can derive information concern- 
ing the rate at which oxygen.is-absorbed and concerning the_rela- 
tions existing among the quantities of oxygen absorbed and _ the 
quantities of carbon dioxide and hydrogen evolved. 

We have not found in the literature any work on these points 
for any microérganism where the atmosphere over the culture was 
accurately controlled and the analyses were made on portions of 
gas accurately sampled. 


Experiments with B. coli. 


The culture medium consisted of 1.00 per cent each of Merck’s 
“Highest Purity’ dextrose and asparagine and 0.200 per cent of 
disodium phosphate and was made neutral to phenolphthalein with 
sodium hydrate. Corrections were made for the carbon dioxide 
thus introduced, as explained in the first paper, and the values of 
the corrections are given with the analyses. 

The results of the gas analyses are given in table I. 
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The values of the ratio, COz:Hs, vary enormously, and are many 
times the value previously obtained by one of us! for anaérobic 
fermentations. 

*’ In an experiment described in the preceding paper (Exp. 11, p. 
' 299) the retention of oxygen was found to be 2.0 ec., whereas the 
decrease in yield of hydrogen (7.e., that amount which, together 
with the amount actually found, would make the ratio CO2:H» 
equal to 1.06, the mean value for anaérobic fermentations on the 
same medium) is 3.9 ce. or only 0.1 cc. less than that which the 
oxygen could have oxidized. The medium for which this result 
was obtained was based on ammonium lactate. If this result 
were the rule, it would indicate that the oxygen was almost quanti- 
tatively taken up by nascent hydrogen from the dextrose. Similar 
calculations from the data here presented show, however, that this 
is not the rule (at least in the case of the asparagine medium) 
but that the missing volumes of hydrogen are sometimes greater 
and sometimes smaller than twice the volumes of absorbed oxygen. 

The volume of oxygen absorbed per unit volume of carbon 
dioxide evolved (the “respiratory quotient”’) is given. The mean 
value is 0.135, with a probable error of + 0.02. 

The relation between the volume of oxygen admitted to the 
culture, the volume of oxygen not absorbed and the duration of 


incubation at 37°C. can well be seen from a calculation of the 


1 V 
values of the expression ra log se where ¢ is the time in hours, 


V is the volume of oxygen admitted, and v is the volume of the 


unabsorbed oxygen. Since - here equals the ratio of the corre- 


sponding pressures, the given expression is that for the constant 
of a monomolecular gas reaction. It is in fact nearly constant. 
The values are given in table III. We should note, however, 
that the fermentation bulbs were not shaken during incubation, 
so that although a certain degree of agitation was imparted to the 
medium by the brisk evolution of gas, the rate of oxygen absorp- 
tion may, nevertheless (namely, if relatively fast), have been 
limited by the rate of distribution. In this case the given expres- 
sion should be constant. 


' Keyes: Journ. of Med. Res., xxi (N.S., xvi), p. 69, 1909. 
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The data given in table I may properly be compared with those 
obtained for anaérobic fermentations induced by B. coli on the 
same medium, and given by one of us in a previous paper,” with the 
following results: (1) Smaller volumes of carbon dioxide are pro- 
duced aérobically than anaérobically, for all periods of time. (2) 
For the same amount of carbon dioxide, less hydrogen is obtained 
aérobically than anaérobically. The presence of oxygen therefore 
appears to lessen the production of gases from dextrose and also 
either to cause some output of carbon dioxide by a respiratory 
process or to cause a disappearance of hydrogen (presumably) by 
oxidation. 

Experiments with Bact. welchii. 


Similar experiments were made with Bact. welchii. The me- 
dium consisted of 1.00 per cent each of Witte’s peptone and Merck’s 
“Highest Purity’? dextrose in distilled water, prepared hot and 
filtered. No alkali was added. Other conditions were the same 
as before, except that all durations of incubation were much longer 
and the pressures of oxygen were much smaller. 


V 


The values of the expression : log > are given in table III. They 


are very nearly constant and are about one-third the value found 
for B. colt. 

All other results are given in table I]. The mean value for 
=) is 0.014, 7.e., one-tenth the value 
found for B. coli, with a probable error of + 0.002. 

The ratio CO2:Hg is slightly raised by the presence of oxygen,’ 
and does not vary for this organism in great degree as it does for 
*B. coli. 

As with B. coli, the ‘“ missing’”’ volumes of hydrogen are not equal 
to twice the volumes of oxygen absorbed but are sometimes greater 
and sometimes smaller. It is perhaps of significance in this con- 
nection that both the media used for these organisms permit side- 
reactions which prevent the evolution of equal volumes of carbon 
dioxide and hydrogen by anaérobic fermentation of dextrose, as 
discussed in the first paper of this study. 





the respiratory quotient ( 


2 Keyes: loc. cit. 
* Values for anaérobic fermentations are given in the first paper of this 
series. 
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Gas Metabolism of Bacteria 


TABLE III. 





1 volume O2 admitted 
Values of —- log . 

i > volume QO, recovered 
¢t = time in hours; common logarithms. 


HOURS B. COLI HOURS BACT. WELCHII 


a 0.0059 240 0.0013 


66 0.0030 240 0.0010 

72 0.0040 336 0.0005 

74 0.0039 384 0.0011 
119 0.0023 432 0.0015 
167 0.0030 480 0.0013 
192 0.0027 


Mean value 0.0035 += 0.0003 0.0011 + 0.0001 





SUMMARY. 


The absorption of oxygen by growing cultures on dextrose media 
of B. coli and of (the strict anaérobe) Bact. welchii has been studied 
by an exact method. Data afforded by complete gas analyses are 
given. The following comparisons are made possible: 

1. For both microérganisms, the absorption of oxygen simulates 
a monomolecular reaction. 

2. The mean values of the respiratory quotients, although the 
probable error of each is large, are widely different for the two 
microorganisms. 

3. With varying pressures of oxygen, the ratio CO2: He: varies 
enormously in the case of B. coli, but varies only slightly in the 
case of Bact. welchit. 

We think that the numerical differences in the results for the 
two microérganisms may possibly be referable to differences in 
experimental conditions; if so, probably to the differences in 
oxygen pressures. 





THE ORGANIC PHOSPHORIC ACID OF COTTON SEED 
MEAL. 


By R. J. ANDERSON. 


(From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva, N. Y.) 


(Received for publication, October 12, 1912.) 
INTRODUCTION. 


In the investigation of the organic phosphoric acids present 
in various cereals and feeding stuffs which is being carried out 
in this laboratory, cotton seed meal was also examined. Earlier 
work by other investigators has shown that this product proba- 
bly contains some complex organic phosphoric acid.! It seems, 
however, that if such a substance is present it has not been iso- 
lated in pure form nor have its properties been fully studied. 

The opinion seems to be generally held that cotton seed meal 
contains some poisonous principle, but the exact nature of this 
principle has never been definitely determined. It has been 
claimed that pyro- and metaphosphoric acids were present in 
cotton seed meal? and it was thought that the poisonous properties 
of the product were due to the presence of salts of these acids. 
More recent work by Crawford’ led him to believe that the poison- 
ous principle was a salt of either a simple inorganic or a complex 
organic pyrophosphoriec acid. 

The presence of these acids has been adduced from the fact 
that extracts of cotton seed meal give similar reactions to the 
above acids, viz., anomalous behavior towards ammonium mo- 
lybdate, white precipitates with silver nitrate and coagulation 


1 Rather: Texas Agric. Exp. Station, Bulletin 146, 1912. 

2 Hardin: South Carolina Agric. Exp. Station, Bulletin 8 (new series), 
1892. 

3 Crawford: Journ. of Pharmacol. and Exp. Therapeutics, i, p. 519, 
1910. 
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of egg albumen; further, the poisonous effects resemble those 
given by these acids. Aside from these reactions, however, there 
is no proof whatever that either pyro- or metaphosphoric acid 
is present in cotton seed meal. 

The purpose of the present investigation was to isolate and 
identify, if possible, the organic phosphoric acid in cotton seed 
meal. We are, consequently, unable either to deny or affirm the 
absence or presence of pyro- or metaphosphoric acid in this prod- 
uct. We have found, however, that the organic phosphoric acid 
isolated from cotton seed meal gives all the reactions reported 
by the above authors, which they considered as evidence of the 
presence of pyro- and metaphosphoric acid. It seems, there- 
fore, probable that the reactions referred to are due to the or- 
ganic phosphoric acid rather than to pyro- or metaphosphoric 
acids. 

The preparation of the substance and its purification will be 
more fully described in the experimental part. It will suffice 
to state here that the cotton seed meal was extracted with 0.2 
per cent hydrochloric acid and the substance isolated as the 
barium salt. The purification of the substance is very difficult. 
The extract contains large quantities of soluble impurities, muci- 
laginous substances, proteins, etc., which render the purification 
extremely difficult and tedious. In addition to the above, there 
is apparently some carbohydrate associated with the organic 
phosphoric acid, the removal of which requires much time. For 
the same reasons the yield of the pure product is very unsatis- 
factory. 

The compound finally obtained is very similar to phytic acid 
so far as composition and reactions are concerned. In fact it 
is impossible to determine from the present data whether the 
substance is phytic acid or an isomer. Both yield inosite when 
heated in a sealed tube with dilute sulphuric acid and the reactions 
of aqueous soultions of the free acids can hardly be differentiated. 
The most striking difference is that the barium salt of the product 
from cotton seed meal shows a decided tendency to crystallize, a 
property which we have never observed when working with barium 
phytate under the same conditions. 

If the substance from cotton seed meal is precipitated from 
acid solutions with barium hydroxide it separates as a white 
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amorphous precipitate. When the dried precipitate is digested 
in 0.5 per cent hydrochloric acid it dissolves very readily but 
after a few minutes it precipitates again. Under the microscope 
this precipitate is seen to consist of balls or globular masses of 
very fine needle-shaped crystals. The dilute hydrochloric acid 
solution of the barium salt gives a white amorphous precipitate 
on the addition of alcohol; on standing for several hours, however, 
it slowly assumes the same crystalline form as mentioned above. 
The free acid is not precipitated by barium chloride but if such 
a solution is allowed to stand over night or longer the barium salt 
will separate in fine needle-shaped crystals, grouped in the same 
general form as above but the individual crystals are much larger. 
The amorphous precipitates are very soluble in 0.5 per cent 
hydrochloric acid but, after the substance has assumed the crystal- 
line form, it is very slightly soluble in this medium. 

While the barium salt was easily obtained in crystalline form 
it did not contain a constant amount of the base. The varia- 
tions would sometimes amount to as much as 3 or 4 per cent, 
depending upon the amount of the base present in the solution 
and the conditions under which the substance separated. In 
the presence of a large excess of barium chloride a salt corre- 
sponding nearly to tetrabarium phytate crystallizes out; when 
a small amount of barium chloride is present salts showing the 
above mentioned variations are formed; but when the substance 
has been repeatedly separated from acid solutions with alco- 
hol a salt is obtained which corresponds nearly to tribarium 
phytate. 

The aqueous solution of the free acid gives a heavy white 
amorphous precipitate with excess of silver nitrate; with ammo- 
nium molybdate a heavy white crystalline precipitate is produced 
which remains unchanged in the cold for a long time but when 
heated soon turns yellowish in color. These reactions are identical 
with those given by phytic acid; with other metals both acids give 
apparently identical reactions. 

The dilute aqueous solution of the acid coagulates egg albumen 
at once. This property of coagulating egg albumen, however, is 
not peculiar to the acid from cotton seed meal. Phytic acid was 
found to produce an identical effect. The tetraphosphoric acid 
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ester of inositet and the pyrophosphoric acid esters of inosite® 
mentioned in former papers also gave the same reaction. In view 
of the fact that the last mentioned substances coagulate egg 
albumen, it appears probable that this property is common to 
organically bound phosphoric acids. 

As will be noticed from the foregoing the organic phosphoric 
acid of cotton seed meal gives all the reactions previously attrib- 
uted to the presence of pyro- and metaphosphoric acids. But 
the question whether or not it is also the toxic principle in cotton 
seed meal remains unanswered. Preliminary experiments carried 
out with the acid obtained from the purified barium salt on rab- 
bits are not conclusive. Given in 0.5 and 1 gram doses, the 
free acid or its potassium salt produced strong symptoms of 
distress but after a few hours the animals regained their normal 
appearance. Larger doses passed through the bowel in a very 
short time and no definite symptoms developed. 

It is difficult to determine just what caused the toxicity of 
the preparations which were used in the experiments described 
by Crawford.® It is evident that very impure substances were 
given. 

It is our purpose to carry out a series of experiments to deter- 
mine the toxicity of the acid from cotton seed meal in comparison 
with phytic acid. 




























EXPERIMENTAL. 





The cotton seed meal used in these experiments was obtained 
from the stock used as cattle feed in this institution. For the 
first preparation 4500 grams of meal were digested in 10 liters of 
0.2 per cent hydrochloric acid over night. It was then pressed 
through cheese-cloth and the extract filtered through a layer of 
clean sand. The extract was a thick, mucilaginous, very dirty 
colored liquid which could not be filtered through paper. It 
measured about 5 liters. It was mixed with about 8 liters of 
alcohol which produced a very fine and voluminous dirty pre- 









4 Anderson: this Journal, xi, p. 484, 1912; Tech. Builetin 19, N. Y. Agric. 





5 Anderson: this Journal, xii, pp. 109, 111, 1912; Tech. Bulletin 21, N. Y. 


6 Loc. cit. 
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cipitate. After settling over night the supernatant liquid was 
syphoned off and the residue centrifuged. The precipitate was 
then digested in a considerable quantity of 0.5 per cent hy- 
drochloric acid, the insoluble portion removed by centrifuging 
and the solution precipitated with excess of barium hydroxide. 
The mixture was heated nearly to boiling and then allowed to 
cool and settle. It was again centrifuged and the residue treated 
with 0.5 per cent hydrochloric acid in which it was readily soluble. 
After a few minutes, however, it began to separate as a fine crys- 
talline precipitate. The mixture was then filtered and the above 
precipitate reserved for special examination. 

The filtrate was precipitated by the addition of alcohol, filtered, 
again treated with 0.5 per cent hydrochloric acid, filtered from 
insoluble matter and again precipitated by alcohol. It was fil- 
tered and washed in dilute alcohol and then dissolved in 0.5 per 
cent hydrochloric acid, heated pearly to boiling and filtered. 
The filtrate was now nearly colorless and it was slightly opales- 
cent in appearance. After again precipitating the hydrochloric 
acid solution with alcohol the substance was obtained as a white 
amorphous powder. It was very soluble in 0.5 per cent hydro- 
chloric acid but the solution had a thick, mucilaginous and slightly, 
opalescent appearance. This solution was now precipitated with 
excess of barium hydroxide when a voluminous, tenacious, ropy 
precipitate was obtained. The mixture was thoroughly shaken 
for some time and then filtered and washed in water. The washed 
residue was dissolved in 0.5 per cent hydrochloric acid and pre- 
cipitated with alcohol. After repeating this operation the sub- 
stance was filtered, washed free of chlorides with dilute alcohol 
and finally washed in alcohol and ether and dried in vacuum 
over sulphuric acid. The product was then a snow-white amor- 
phous powder, weighing 10.2 grams. 

The substance thus prepared was but slightly soluble in boiling 
water. With phloroglucine and hydrochloric acid it gives a light 
red color which soon changes to a reddish-brown. With orcine 
it gives at first a reddish color which soon fades, leaving a dirty 
colored precipitate. After boiling the substance in dilute hydro- 
chloric acid, precipitating the barium with sulphuric acid, filter- 
ing and neutralizing, it strongly reduces Fehling’s solution on 
boiling. The nitric acid solution gave no reaction with ammo- 
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nium molybdate but after continued heating a slight precipitate 
was obtained. The substance was free from nitrogen and sulphur. 

After drying at 105° in vacuum over phosphorus pentoxide it 
was analyzed. 


0.2925 gram substance gave 0.0894 gram H.O and 0.2338 gram CO». 
0.2514 gram substance gave 0.0972 gram BaSO, and 0.0933 gram Mg»P2O7. 
Found: C = 21.80; H = 3.42; P = 10.34; Ba = 22.75 per cent. 


While the substance was very slightly soluble in boiling water 
it was found when it was rubbed up in a mortar with a small 
quantity of cold water that it quickly dissolved but it began soon 
to separate again. Under the microscope the precipitate was 
seen to consist of small balls or globular masses of very fine micro- 
scopic needles. ; 

Four grams of the substance were treated as mentioned above. 
After standing for two days at room temperature the crystalline 
precipitate was filtered off, w&shed in water, alcohol and ether 
and dried in the air. The snow-white crystalline powder was 
analyzed after previous drying at 105° in vacuum over phos- 
phorus pentoxide. 


0.2092 gram substance lost 0.0291 gram H.O. 

0.1801 gram substance gave 0.0232 gram H2O and 0.0379 gram COz. 

0.1754 gram substance gave 0.1262 gram BaSO, and 0.0965 gram MgoP20:. 
Found: C = 5.73; H = 1.44; P = 15.33; Ba = 42.34; H.O = 13.91 per cent. 


The composition of this product differs entirely from that of 
the starting material but it agrees closely with that required for 
tetrabarium phytate. 

Calculated for tetrabarium phytate, CsHj.O2#P>sBa, = 1255: 
C = 5.73; H = 1.27; P = 14.82; Ba = 43.74; 11 H.O = 13.62 per cent. 

The filtrate from the above crystalline compound was pre- 
cipitated by alcohol, filtered, washed and dried in vacuum over 
sulphuric acid. It was a perfectly white amorphous powder. 
It was analyzed after drying at 105° in vacuum over phosphorus 
pentoxide. 

0.1758 gram substance gave 0.0790 gram H.O and 0.2222 gram CO:. 


0.1247 gram substance gave 0.0223 gram BaSO, and 0.0201 gram MgsP20:. 
Found: C = 34.47; H = 5.02; P = 4.49; Ba = 10.52 per cent. 


The substance was very soluble in 0.5 per cent hydrochloric 
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acid, in which it gave the same thick, mucilaginous, slightly opal- 
escent solutien as mentioned above. 

The compound first analyzed is evidently not homogeneous. 
It apparently consists of some carbohydrate or gummy substance 
and an organic phosphorus compound; the latter crystallizes 
from the aqueous solution in nearly pure form but tlie substances 
cannot be separated by precipitating the dilute acid solutions 
with alcohol. This gummy substance has not been isolated in 
pure form and we are entirely in the dark as to its nature and 
composition. 

A portion of the above crystalline barium salt was used for 
the preparation of the free acid. The substance was, however, 
not pure and it had not been washed free of the ntother liquor. 
The acid was prepared by the usual method, that is, the barium 
salt was decomposed with a slight excess of sulphuric acid, the 
filtered solution precipitated with copper acetate, the latter fil- 
tered, washed and decomposed with hydrogen sulphide, again 
filtered and the filtrate evaporated in vacuum at a temperature 
of 40-45° and finally dried in vacuum over sulphuric acid. In 
appearance and reactions the acid was practically identical with 
phytic acid except that after boiling with dilute hydrochloric acid 
and neutralizing it slightly reduced Fehling’s solution. This reduc- 
tion, however, we believe to be due to admixed impurities for, as 
stated above, the acid was not prepared from a pure compound. 

The aqueous solution of the acid coagulates egg albumen at 
once. As has been already mentioned phytic acid gives the 
same reaction, as well as the inosite esters of phosphoric and 
pyrophosphorie acids. Apparently, therefore, no special signifi- 
cance can be attached to this reaction. 

The acid gave the following result on analysis after previously 
drying at 105° in vacuum over phosphorus pentoxide. 


Found: C = 11.71; H = 3.07; P = 26.35 per cent. 


The crystalline precipitate mentioned on page 315, which sepa- 
rated from the solution of the first barium precipitate in 0.5 per 
cent hydrochloric acid, was treated with about 5 per cent hydro- 
chlorie acid in which the greater portion dissolved. The insoluble 
matter was removed by centrifuging and the solution precipitated 
with alcohol. This operation was repeated a second time when 
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the substance was obtained nearly white. It differed from the 
first preparation in that its solution in dilute hydrochloric acid 
was neither mucilaginous nor opalescent. For further purification 
the substance was first precipitated by barium hydroxide from 
its dilute hydrochloric acid solution and then twice precipitated 
from dilute hydrochloric acid with alcohol. The precipitates 
produced by the alcohol were amorphous at first but when allowed 
to stand over night in the mother liquor they always changed 
to the same crystalline form as previously mentioned. 

After precipitating the last time with alcohol the substance 
was quickly filtered, washed in dilute alcohol, alcohol and ether 
and dried in vacuum over sulphuric acid. The product was a 
snow-white hmorphous powder and it weighed 7.4 grams. 

» The filtrate from the above was allowed to stand over night 
when a small amount of the substance crystallized out. The crys- 
tals were filtered, washed in dilute alcohol, alcohol and ether and 
dried in the air. The substance was free from chlorine and gave 
no appreciable color reaction with phloroglucine or orcine. For 
analysis it was dried at 105° in vacuum over phosphorus pentoxide. 


0.2450 gram substance lost 0.0272 gram H.O on drying. 

0.2178 gram substance gave 0.0284 gram H2O and 0.0522 gram COs. 

0.1776 gram substance gave 0.1170 gram BaSO, and 0.1078 gram Mg>P.0+. 
Found: C = 6.53; H = 1.45; P = 16.91; Ba = 38.76; H,O = 11.10 per cent. 


This substance agrees nearly in composition with tribarium 
phytate. 


Calculated for tribarium phytate, CsHis02P.sBa; = 1120: 
C = 6.42; H = 1.60; P = 16.60; Ba = 36.78; 8H2O = 11.39 per cent. 


The amorphous product (7.4 grams) mentioned above was 
analyzed after previous drying at 105° in vacuum over phos- 
phorus pentoxide and the following results obtained: 


C = 8.04; H = 1.62; P = 16.65; Ba = 36.55 per cent. 


The substance was free from chlorine. It was very slightly 
soluble in boiling water. With phloroglucine it gave a cherry 
red color; with orcine only a faintly greenish color was produced. 
After boiling in dilute hydrochloric acid, precipitating the barium 
with sulphuric acid, filtering and neutralizing, it reduced Fehling’s 
solution slightly on boiling. Evidently some carbohydrate was 
still present. 
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For further purification the substance was dissolved in 0.5 per 
cent hydrochloric acid, filtered and alcohol added until a faint 
permanent turbidity remained. This was cleared up by the 
addition of a few drops of dilute hydrochloric acid and the solu- 
tion allowed to stand at room temperature. The substance soon 
began to separate in the same crystalline form as before. After 
standing for two days the crystalline substance was filtered off, 
washed in water, alcohol and ether and dried in vacuum over 
sulphuric acid. 

The mother liquor was diluted with more alcohol and allowed 
to stand as before when a further quantity of the same shaped 
crystals was obtained. After filtering, washing and drying as 
before these salts were analyzed after first drying at 105°. 


Found (first crop of crystals): C= 7.06; H = 1.53; P = 16.46; Ba = 38.16 
per cent. 
Found (second crop of crystals): C = 7.47; H = 1.58; P = 16.46; Ba = 
38.12 per cent. 


In order to determine if further treatment would alter the 
composition, the whole substance was digested in 50 per cent 
acetic acid over night, filtered, washed in water, alcohol and ether 
and dried in the desiccator. It was then dissolved in 0.5 per 
cent hydrochloric acid, filtered and the solution brought to crys- 
tallization by the careful addition of alcohol as before. The 
product finally obtained weighed 3.8 grams and it was a snow- 
white crystalline powder. For analysis it was dried at 105° in 
vacuum over phosphorus pentoxide. 


Found: C = 7.10; H = 1.52; P = 17.17; Ba = 38.11 per cent. 


As continued treatment did not alter the composition and as 
it separated in crystalline form it was undoubtedly a homogeneous 
compound. 

The free acid prepared from this purified barium salt by the 
same method as before gave the following result on analysis after 
previous drying at 78° in vacuum over phosphorus pentoxide: 


0.2626 gram substance gave 0.0763 gram H2O and 0.1049 gram CO». 
0.1733 gram substance gave 0.1686 gram Mge2P207. 
Found: C = 10.89; H = 3.25; P = 27.11 per cent. 
Calculated for phytic acid, CsH2OuP. = 714: 
C = 10.08; H = 3.36; P = 26.05 per cent. 


‘This acid gave the same reactions as previously described. 
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Preparation of tnosite from the above barium salt. 


Of the dry salt, 1.34 grams were heated in a sealed tube with 
10 ec. of 5N sulphuric acid to 160° for about three hours. After 
precipitating with barium hydroxide the inosite was isolated in 
the usual way and recrystallized from dilute alcohol with addi- 
tion of ether. The product was obtained in colorless needles 
free from water of crystallization. The yield was 0.17 gram or 
about 77 per cent of the theory. It gave the reaction of Scherer 
and melted at 221° (uncorrected). The air-dried substance was 


analyzed: 
Found: C = 39.81; H = 6.96 per cent. 


A further quantity of the barium salt was prepared by the 
following method which was found to be much less laborious 
than that used at first. The cotton seed meal, 8 kilograms, was 
digested in 16 liters of 0.2 per cent hydrochloric acid for about 
five hours. It was then pressed through cheese-cloth and the ex- 
tract filtered through absorbent cotton. The extract was pre- 
cipitated with excess of barium hydroxide, allowed to settle and 
then centrifuged. The precipitate was digested in several liters 
of 0.5 per cent hydrochloric acid and again centrifuged. The 
free acid was then nearly neutralized with barium hydroxide. 
The precipitate which separated was the barium salt of the organic 
phosphoric acid. This was filtered and treated with 0.5 per 
cent hydrochloric acid in which it was readily soluble at first 
but it soon separated in the usual crystal aggregates. This 
was filtered and washed and dissolved in sufficient dilute hydro- 
chloric acid and again filtered. The practically colorless filtrate 
was precipitated by alcohol. After filtering it was again dissolved 
in dilute hydrochloric acid and precipitated with barium hydrox- 
ide, filtered and washed in water. It was then dissolved in dilute 
hydrochloric acid, precipitated with alcohol, filtered, washed in 
dilute aleohol, aleohol and ether and dried in vacuum over sul- 
phuric acid. The product was a snow-white amorphous powder 
and it weighed 24 grams. It was dissolved in about 300 cc. of 
0.5 per cent hydrochloric acid, filtered and allowed to stand a 
short time when a portion crystallized out. This was filtered 
off, washed several times in water and finally in alcohol and ether 
and dried in the air. The white crystalline powder weighed 7.4 
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grams. The filtrate and washings from above were united and 
precipitated by alcohol. After standing over night the amor- 
phous precipitate had changed to the usual crystalline form. 
After filtering, washing and drying in vacuum over sulphuric 
acid it weighed 14.7 grams. 

The above salts were free from chlorine. The nitric acid solu- 
tions gave no immediate reaction with ammonium molybdate. 
No appreciable color reactions were obtained with phloroglucine 
or orcine and they did not reduce Fehling’s solution. Metals 
other than barium were absent. For analysis the substances 
were dried at 105° in vacuum over phosphorus pentoxide. 

The first crystalline compound gave the following: 


C = 6.05; H = 1.45; P = 16.51; Ba = 40.04; H,O = 12.06 per cent. 


This salt is evidently a mixture of the tri- and tetrabarium salt. 
It was recrystallized as follows: One gram of the substance was 
dissolved in about 150 ce. of 0.5 per cent hydrochloric acid and 
the free acid nearly neutralized with barium hydroxide. About 
0.5 gram of barium chloride was then added and the solution 
allowed to stand for two days at room temperature. The sub- 
stance separated slowly in the same general crystal form as before 
except that the individual crystals were much larger. These 
were filtered, washed in water, alcohol and ether and dried in 
the air. Under the microscope the substance appeared homo- 
geneous. Yield, 0.9 gram. After drying at 105° in vacuum it 
was analyzed: 


0.4067 gram substance lost 0.0496 gram on drying. 
0.3571 gram substance gave 0.0358 gram H,O and 0.0699 gram CO>. 

0.2068 gram substance gave 0.1530 gram BaSO, and 0.1160 gram Mg2P20O;. 
Found: C = 5.33; H = 1.12; P = 15.63; Ba = 43.53; H2O = 12.19 per cent. 
Calculated for tetrabarium phytate CsHi.O2P.Ba, = 1255: 

C = 5.73; H = 1.27; P = 14.82; Ba = 43.74; 10 H:O = 12.54 per cent. 


The second crystalline compound mentioned above gave the 
following result on analysis: 


C = 6.88; H = 1.50; P = 15.94; Ba = 37.38 per cent. 
P = 16.28; Ba = 37.21 per cent. 


This corresponds to a tribarium salt. 
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A further quantity of the free acid was prepared from this 
salt by the usual method. From 7 grams of the substance practi- 
cally the theoretical quantity of acid was obtained. After dry- 
ing at 100° the substance was analyzed: 


0.2319 gram substance gave 0.0767 gram H,O and 0.0925 gram CO». 
After drying over boiling chloroform over phosphorus pentoxide: 


0.2378 gram substance gave 0.0703 gram H.O and 0.0961 gram COs. 
0.1495 gram substance gave 0.1414 gram MgeP.O;. 
Found: C = 10.87; H = 3.70 per cent. 
C = 11.02; H = 3.30; P = 26.36 per cent. 
Calculated for phytic acid, CeH2,O2Ps. = 714: 
C = 10.08; H = 3.36; P = 26.05 per cent. 


This preparation gave the same reactions as those previously 
mentioned. When carefully prepared the acid is a thick color- 
less syrup readily soluble in water and aJcohol. Attempts were 
made to prepare crystalline salts of the acid with organic bases 
like pyridine and brucine but without success. These salts could 
not be obtained in crystalline form. In every case they separated 
as thick liquids which could not be brought to crystallize even 
after long standing. 

The reaction of the aqueous solution of the acid with inorganic 
bases may be briefly stated as follows: 

Ammonium molybdate gives a heavy, white, crystalline pre- 
cipitate. Silver nitrate in excess produces a heavy, white, amor- 
phous precipitate. Magnesia mixture also gives a voluminous, 
white, amorphous precipitate. It is not precipitated by the chlo- 
rides of the alkaline earths but the acetates and hydroxides pro- 
duce white amorphous precipitates. While barium chloride does 
not give any precipitate if the solution is allowed to stand at 
room temperature over night or longer the barium salt crystallizes 
out in delicate, needle-shaped crystals. In shape and arrange- 
ment these crystals are identical with those previously referred 
to but they are much larger. It immediately coagulates egg 
albumen. A neutral solution of the acid does not reduce Fehling’s 
solution; even after boiling with dilute hydrochloric acid for 
some time no reduction takes place. No appreciable color reac- 
tion is given with phloroglucine or orcine. 
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Ferric chloride gives a white precipitate very sparingly soluble 
in hydrochloric acid. Copper acetate in excess gives a bluish- 
white precipitate. 

On drying at 78° or 100° the substance turns very dark in 
color but on drying at 60° the color changes but slightly. All 
the barium salts obtained were strongly acid in reaction on moist 
litmus paper. 

It is evident that the substance isolated from cotton seed meal 
is very similar to phytin. The various salts which have been 
analyzed show but little difference in composition as compared 
with the corresponding phytin derivatives. It may be noted, 
however, that the analytical results of the purified, so-called 
tribarium salts point to the empirical formula C.H4yP2OsBa. Such 
a compound might be a monobasic acid of the formula CH3PO, but 
it is also isomeric with inosite hexaphosphate and accordingly 
differs very little in composition from phytic acid. 

If the organic phosphoric acid in cotton seed meal is identical 
with phytin, if it is an isomer or if it is a somewhat differently 
constituted substance can hardly be determined from the data 
presented in this paper. The investigation will be continued. 
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STUDIES IN THE BLOOD RELATIONSHIP OF ANIMALS 
AS DISPLAYED IN THE COMPOSITION OF 
THE SERUM PROTEINS. I. 


A COMPARISON OF THE SERA OF THE HORSE, RABBIT, RAT AND 
OX WITH RESPECT TO THEIR CONTENT OF VARIOUS PRO- 
TEINS IN THE NORMAL AND IN THE FASTING CONDITION. 


By T. BRAILSFORD ROBERTSON. 


(From the Rudolph Spreckéls Physiological Laboratory of the University of 
California.) 


(Received for publication, October 12, 1912.) 


I. METHODS AND RESULTS. 
A. Methods. 


I have shown in a previous communication! that it is possible, 
with a very fair and a thoroughly definite degree of accuracy, to 
determine the total quantity and relative proportion of each of 
three groups of serum proteins by a refractometric method, only 
employing very small quantities (not necessarily exceeding 20 
cc.) of serum. The method, briefly recapitulated with slight modi- 
fications indicated by further experience, is as follows: 


1. An accurately measured volume, usually 10 ce., of fresh whipped and 
centrifugalized serum is diluted to ten times its volume with distilled water. 
Carbon dioxide is bubbled through this solution at a good rate (two or three 
bubbles per second) for at least one hour. The precipitate which is thus 
obtained is allowed to settle for from twelve to sixteen hours. The super- 
natant fluid is then carefully decanted and centrifuged in two 50 cc. centri- 
fuge tubes to throw down any flocculi carried over in decantation. Mean- 
while, the glass cylinder containing the precipitate is filled up to the 100 
cc. mark with distilled water and the contents thoroughly mixed by shaking. 
A few minutes’ energetic centrifugalization of the mother-liquor suffices 
to throw down any traces of globulin which it contains, and the fluid is then 


1 T. Brailsford Robertson: this Journal, xi, p. 179, 1912. 
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decanted from the centrifuge tubes, leaving the precipitate closely packed 
at the bottom. These tubes are then filled with the suspension of globulin 
in distilled water, the last traces of globulin being washed out of the cylin- 
der with a few cubic centimeters of distilled water. These washings are 
added to the contents of the centrifuge tubes. The suspension is now ener- 
getically centrifuged and in a few minutes the precipitate is found to be 
tightly packed at the bottom of the tubes. The fluid is now poured off, 1 
ce. of 4; KOH or NaOH is added to the contents of one of the tubes and 2 or 
3 cc. of distilled water. As soon as all of the globulin is dissolved in the 
first tube, the contents are transferred to the second tube, the first tube 
being carefully rinsed with 3 or 4 ce. of distilled water. As soon as the glo- 
bulin in the second tube is completely dissolved, the contents and rinsings 
from this tube are transferred to a narrow calibrated? measuring cylinder, 
which is then filled by the addition of distilled water to the 10 cc. mark, that 
is, to the volume originally occupied by the serum from which the globulin 
was precipitated.’ The refractive index of this solution and that of ;4,, KOH 
or NaOH are determined at the same temperature. The difference between 
the two readings, divided by 0.00229, yields the percentage of ‘‘insoluble’’ 
globulin in the original serum. 

2. To an accurately measured volume of the same serum is added an equal 
volume of saturated ammonium sulphate solution and the globulins thus 
precipitated are filtered off; the filtrate is collected and diluted to one-half 
with water and the refractive index of the mixture thus obtained is measured. 
At the same time we measure the refractive index of a one-fourth saturated 
solution of ammonium sulphate prepared by adding to a portion of the 
saturated ammonium sulphate solution an equal volume of distilled water 
and diluting the solution thus obtained to one-half. The difference between 
these two readings, multiplied by 4 and then diminished by 0.00157 (the 
refractivity of the non-protein constituents of serum) yields the total refrac- 
tivity of the albumins of the serum. If crystallizable albumin be absent,‘ 
then this figure divided by 0.00177 yields the percentage of albumin in the 
original serum. 

3. The refractive index of the original serum is determined and that of 
“ NaCl. The difference between the two readings yields the total refrac- 





2 Calibrated against the pipette employed to measure out the original 
volume of serum. 

* The centrifugalization of the globulin saves time and also prevents loss 
in decantation. If, however, the globulin be centrifuged immediately 
after the passage of the CO», it carries down any haemoglobin which the 
serum may contain and this color cannot be washed out of it again. If, 
on the contrary, it be allowed to stand for some hours to flocculate it comes 
down uncolored even from serum tinged with haemoglobin. This fact would 
appear to indicate danger of contamination by ‘‘occlusion,’’ if the precipi- 
tate be immediately centrifuged, and the results obtained might conceivably 
be too high. Hence the procedure indicated above is preferred. 

4Cf. below. 
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tivity of the proteins in the serum. Subtracting the refractivity of the 
albumins determined above, we obtain the total refractivity of the globulins in 
the serum. This estimate divided by 0.00229 yields the total percentage of 
globulins in the serum. 

4. The sum of the percentage of albumin and globulin yields the total per- 
centage of proteins in the serum. If desired this estimate may be checked by 
a Kjeldahl determination of the nitrogen in the total coagulable protein 
contained in a measured sample of the serum employed. 


According to Reiss® the refractivity of crystallized serum albu- 
min differs considerably from that of amorphous serum albu- 
min,-1 gram of the former per 100 cc. of solvent producing a 
change of 0.00201 in its refractive index while 1 gram of amor- 
phous albumin per 100 ce. of solvent produces a change of 0.00177 
in its refractive index. If appreciable quantities of crystallizable 
serum albumin exist as such in a sample of serum under investi- 
gation we should expect to detect its presence by a lack of agree- 
ment between the percentage of total proteins, determined refrac- 
tometrically, and the percentage of total proteins determined by 
coagulation and a Kjeldahl estimate of the total nitrogen in the 
coagulum. As we sliall see, however, even when serum known to 
yield large amounts of crystalline albumin to appropriate treat- 
ment is employed, to wit, horse serum, no such lack of agreement 
‘an be detected. Consequently the method of analysis outlined 
above yields reliable results whether the serum under examination 
readily yields crystalline albumin or not. 


B. Results obtained with horse serum. 


Through the kindness of my colleagues, Drs. C. M. Haring and 
C. L. Roadhouse, to whom my sincere thanks are due, I have been 
able to obtain horse serum from an adult animal which had been 
deprived of food for about twenty-four hours previous to the bleed- 
ing. The blood was collected in Erlenmeyer flasks, directly from 
the jugular vein, defibrinated by shaking with glass beads and 
immediately centrifuged. The clear serum was pipetted off and 
analyzed immediately. 


5 E. Reiss: Beitr. z. chem. Physiol. u. Path., iv, p. 150, 1903; Arch. f. exp. 
Path. u. Pharm., li, p. 118, 1903. 

6 Cf. under sections C and D regarding the influence of fasting upon the 
composition of the serum-proteins. 
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The “insoluble” globulin was determined in two 10 ce. samples; 
the albumins were determined in two 5 cc. samples. In each case 
the different samples yielded identical results. In these and in 
all of the other determinations reported in this article a Pulfrich 
refractometer, reading to within 1’ of the angle of total reflection, 
was employed. A sodium flame was the source of light. The 
following were the results obtained: 





TABLE 1. Horse serum. 
per cent. 
Pe I 65 oi aos 6. os WAS De Vo videwtnede’s 0.34 + 0.04 
I So is ok aks DAE elke baal 3.5 + 0.15 
EE ON Bee FE eee TRE 46 + 0.2 
Ns i655 Ai ass men el aaah Sisk orden iain eS 81 + 0.2 


The figure following the = sign is the possible error in the deter- 
mination due to a possible error of + 1’ in reading the angle of 
total reflection.’ 

Horse serum, as is well known,’ readily yields crystalline albu- 
min upon appropriate treatment; accordingly I expected to find 
a divergence between the percentage of total protein as determined 
above and the percentage of total proteins estimated by coagula- 
tion and the determination of the nitrogen in the coagulum. No 
such divergence was found, however. 

The determination of the total coagulable protein was carried 
out as follows, three separate 5 cc. samples of the serum being 
employed: 


A9cm. 5S & § 589 ‘“‘blue band”’ filter was about three-fourths filled with 
absolute alcohol and fresh alcohol was kept dripping into the filter from a 
burette as rapidly as it passed through. A 5 cc. sample of the serum was 
then delivered very slowly, drop by drop, into the alcohol, which passed 
through quite clear and devoid of precipitate. The filter and contained 
coagulum were dried at 36° over H.SO, for forty-eight hours. The nitrogen 
in the filter and contained precipitate was then determined by the U. S. 














7 In my previous communication, referred to above, the possible error in 
determining the total proteins and the albumins is erroneously stated to be 
+ (.1 per cent instead of + 0.2 per cent, while the possible error in deter- 
mining the total globulin is erroneously stated to be = 0.1 per cent instead of 
+ ().15 per cent. 

8 Cf. Fr. N. Schulz: Die Krystallisation von Eiweissstoffen, Jena, 1901, p. 13. 
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official Kjeldahl method.® The nitrogen was multiplied by 6.29 in estimat- 
ing the protein. The following were the results obtained: 


TABLE 2. Alcohol-coagulable protein in horse serum. 


PER CENT OF ALCOHOL- 





SAMPLE | N IN SAMPLE COAGULABLE PROTEIN IN 
THE SERUM 
mgm. ai ‘ “sf 
1 64.8 8.15 
2 62.8 7.90 
3 63.3 7.97 





Average: 8.00 





Hence, within the experimental error of the determinations, the 
percentage of alcohol-coagulable protein in horse serum is identical 
with the percentage of total proteins determined on the assumption 
that all of the albumins in the serum have a refractivity per gram 
per 100 ce. of solvent of 0.00177. It appears, therefore, that albu- 
min of a refractivity of 0.00201 per gram per 100 cc. of solvent is 
not present in sufficient amount in horse serum to appreciably 
affect the accuracy of refractometric determinations carried out as 
outlined above. The reason for this is readily perceived when we 
consider the magnitude of the divergence between the above esti- 
mates which we should expect to find were the whole of the serum 
albumin of the crystallizable variety. In this event, it appears, 
from the refractometric observations, that in the serum under 
examination the percentage of total albumin would be 4.1 and 
the percentage of total proteins, 7.6. No less than 40 per cent of 
the total albumins would have to be of the crystallizable variety, 
therefore, in order to cause a divergence of 0.2 per cent between the 
two estimates of the total proteins. Now, as we have seen, the 
possible error in the refractometric determination of the percent- 
age of total proteins is + 0.2 per cent. Hence we may draw the 
following conclusions: 

(1) Horse serum does not contain preformed ecrystallizable albu- 
min to the extent of over 40 per cent of the total albumins. 

(2) The refractometric method cannot be employed to deter- 
mine more precisely than this the quantity of crystallizable albu- 
min contained in sera. 


_°U. 8. Department of Agric., Bureau of Chemistry, Bulletin 107, p. 5, 
1910. 
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(3) Provided not over 40 per cent of the albumins are of the 
erystallizable variety no appreciable error is introduced into the 
refractometric determinations of the total albumins and total pro- 
teins in sera by assuming that all of the albumins present have a 
refractivity of 0.00177 per gram per 100 cc. of solvent. 

Expressing the quantity of each of the proteins in the horse 
serum employed in terms of the percentage of the total proteins 
which they represent, the above results may be summarized as 
follows: 


‘*Tnsoluble’’ globulin ; 0.4) 
Total globulins ‘ 2) 
Total albumins 2) 
The figures in brackets represent the plus or minus error in the estima- 
tion of these percentages which would be brought about by an error of 
1’ in reading the angle of total reflection. 


These results are not in good agreement with those obtained 
by Hammarsten’® and by Lewinski,!! who agreed in stating that 
the percentage of globulins exceeds the percentage of albumins 
in the serum of the horse. I have had occasion to note a similar 
divergence between my results and those of Hammarsten, employ- 
ing ox serum.” This divergence is the more surprising since, as 
we shall see, the agreement between my results and those of Ham- 
marsten and other observers employing the serum of fully fed 
(j.e., “‘normal’’) rabbits is highly satisfactory. In view of the 
marked influence of fasting upon the relative proportion of the 
globulins and albumins in blood sera, which we will discuss in 
sections C and D of this article, I am inclined to attribute these 
divergencies to the fact that the horse and oxen from which I 
obtained my sera were in a fasting condition, while those employed 
by Hammarsten and Lewinski were not improbably fully fed ani- 
mals. Iam confirmed in this belief by the fact that in one instance 
Hammarsten obtained ox serum containing a greater percentage 
of albumins than of globulins. 


10Q, Hammarsten: Arch. f. d. ges. Physiol., xvii, p. 413, 1878. 

1t J, Lewinski: ibid., c, p. 611, 1903. 

2 T, Brailsford Robertson: loc. cit. 

13 The oxen killed at local slaughter-houses are invariably fasting and 
have usually travelled long distances by railway without food. 
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C. Results obtained with rabbit serum. 


I have carried out a number of analyses of the blood serum of 
rabbits. The animals employed were all of medium size (2000 
grams or thereabouts) and were bled directly from the carotid 
artery into a small Erlenmeyer flask containing glass beads, which 
were agitated until the blood was defibrinated. The blood was 
then immediately centrifugalized, and the clear serum pipetted 
off and analyzed. 

For my earlier analyses I employed serum obtained from ‘‘nor- 
mal’? animals, animals, that is, taken directly from the animal 
house and fed at an undetermined time prior to the bleeding. The 
following were the results obtained. 


TABLE 3. Normal rabbits. 


“INSOLUBLE”’ TOTAL TOTAL TOTAL 


RABBIT NUMBER 
GLOBULINS GLOBULINS ALBUMINS PROTEINS 


per cent per cent ver cent per cent 
a 1.6 = O.: 


os SSSR ape 


e l 
2 (Yellow).............0.35 = 0.04 2 : 5x0: 5 + 
D VMN oak case usc 2 


+ ().: 1 + 


Average 3! 0.2 | 6.7 


Expressing each of the above mentioned proteins or groups of 
proteins in terms of the percentage of the total proteins which they 
represent, the above results for ‘‘normal” rabbit serum may be 
summarized as follows: 


ORE ING) oS oidde obo 0s sha cee ve cssaave 


Total GEO. ko sock ken cs 


The first figure opposite each group represents the average percentage; 
the upper figures immediately following, the highest percentage observed 
in any individual; the lower figure, the lowest percentage observed in any 
individual; and the figure in brackets, the plus or minus error in the estima- 
tion of these percentages which would be brought about by an error of 1’ 
‘n reading the angle of total reflection. 


From these results, it would appear that the variations in the 
relative proportions of the three groups of proteins considered 
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in the three different individuals,employed are not greater than 
the variations which might arise from experimental errors in the 
determinations. The above results may be compared with the 
following previous estimates of the total globulins, albumins and 
total proteins in rabbit serum. 


©. Hammarsten;!* determinations made upon four animals; globulins 
precipitated by saturation of the serum with MgSO,: 


Total globuli ia 
I so ain 3s Sida Gs a Wik ee nla eee eee Cea EN eEE 29 1 95 


Total albumins 


C. Inagaki;!> determinations made upon thirteen animals; globulins 
precipitated by half-saturation of the serum with Am.SO,: 


36 
IIS 5 Shireciwics to Xin cabo be ce 1% LUkaRERE 29 (3 


79 | 


am ik nL piae PTO ew. 71 \ 64 


These data, obtained by precipitation of the globulins and sub- 
sequent Kjeldahl determinations of the nitrogen contained in the 
precipitate and in the coagulated proteins of whole serum are in 
good accord with the data obtained by the much less laborious 
refractometric method. The individual variations in the ratio of 
globulin to albumin which are recorded by Hammarsten and 
Inagaki are, however, large—much too large it would appear to be 
attributed to experimental errors in the determinations. It oc- 
curred to me, however, that these variations might in large part be 
attributable to the presence in the blood of varying quantities of 
protein absorbed from the intestinal tract, and the possibility 
suggested itself that the relative proportions of the serum proteins 
in a fasting animal might be less subject to individual variation 
and more typical of the animal species under investigation. Ac- 
cordingly, a number of determinations, similar to the above, were 
carried out, the rabbits employed, however, being animals which 
had fasted, with free access to water, for a period of five days 
preceding bleeding. The following were the results obtained: 


14Q, Hammarsten: Arch. f. d. ges. Physiol., xvii, p. 459, 1878. 
16 C, Inagaki: Zeitschr. f. Biol., xlix, p. 77, 1907. 
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TABLE 4. Fasting rabbits. 


rants ae ee 

per cent per cent per cent per cent 
eS EE EIT ee /1.2 + 0.15 6.8 = 0.2/8.0 + 0.2 
("Sere |1.4 + 0.15 7.2 + 0.2) 8.6 = 0.2 
3 (Gray)...............0.21 = 0.04 1.3 = 0. 1596.2+02/7.5 +02 
Ot 0.21 + 0.04 1.2 + 0.1568 +02'80+02 
5 (Gray)...............0.24 = 0.04 1.3 + 0.15 5.6 += 0.2|6.9 += 0.2 
Oils. baits <c, 0.24 + 0.04 1.2 = 0.156.2 + 0.2/7.4 +0.2 
7 (long haired albino ) 0.24 + 0.04 1.3 = 0.15) 6.0 + 0.2|7.3 + 0.2 
hemes BT cbs 0.23 = 0. 04 13 + 0.15 6.4 + 0.2/7.7 + 0.2 





Expressing each of the above mentioned proteins or groups of 
proteins in terms of the percentage of the total proteins which 
they represent, these results for fasting rabbit’s serum may be 
summarized as follows: 


os t«<‘ié‘ | ee a 3.043 ah cs 0.4) 
\(s 2) 


EIS i ght ag ee Re 17 


NN eT ie os as diate 83 


2) 


9 «) 
bo 
Say 
tt 
bo 


From these results we perceive: 

(1) That the percentage of total proteins in sera derived from 
different fasting individuals is highly variable, a fact which is 
readily understood when we reflect that the animals were allowed 
free access to water. 

(2) That the relative proportions of the different proteins in 
the sera of fasting animals are constant within the limits of the 
experimental error of the determination. 

(3) That during starvation the total protein content of the blood 
serum increases (compare tables 3 and 4). 

(4) That during starvation the percentage of globulins in the 
blood serum diminishes. 

(5) That, consequently, during starvation the proportion of 
albumins to globulins undergoes a marked increase. 














oe 
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An increase in the total protein content of blood serum during 
starvation has been observed by Simon’ in the horse and by 
Lewinski!? and Githens!* in the dog. The period of starvation 
employed by Simon and Lewinski being from three to six days, 
while that employed by Githens was from two to three weeks. 
Salvioli!® and Burckhardt?’ employing a period of from three to 
six days’ starvation in dogs found no perceptible alteration in the 
protein content of the serum, while Panum*! employing a period 
of thirteen days’ starvation in dogs found an actual decrease in 
the total protein content of the serum. 

Having regard to the fact that the methods of determining the 
protein content of fluids have undergone great improvement since 
Panum, Salvioli and Burckhardt carried out their estimations, 
these results are in good accord with my own results cited above. 
As regards the alteration in the proportion of globulins to albu- 
mins consequent upon starvation, however, much divergence of 
opinion is expressed by different investigators. Thus Salvioli 
finds no alteration in the proportion of globulins to albumins in the 
blood serum of dogs during starvation, while Burckhardt, also 
employing dogs, finds an increase in the “insoluble” globulin 
(precipitated by dialysis) and a corresponding decrease in the per- 
centage of residual protein. Lewinski, who separates the globulins 
by saturation with MgS0O,, finds an increase both in globulins and 
in albumins in dog serum during starvation, the increase in glo- 
bulins being more marked than the increase in albumins. Githens, 
who separates the globulins by fractional coagulation with NaCl, 
finds a decrease in the proportion of albumins and a corresponding 
increase in the proportion of globulins in dog serum during starva- 
tion. The concensus of opinion appears to be, therefore, that in 
dogs fasting leads to an increase in the proportion of globulins to 
albumins. 


SE anne wom gern rene RE a 


esa um i Shs 
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‘6 Simon: Physiologische und pathologische Anthropochemie, Berlin, 1842, 
p. 235, cited after Panum: Virchow’s Archiv, xxix, p. 241, 1864. 

17 J. Lewinski: Arch. f. d. ges. Physiol., c, p. 611, 1903. 

18'T. Githens: Beitr. z. chem. Physiol., v, p. 514, 1904; cf. also V. 
Subbotin: Zeitschr. f. Biol., vii, p. 185, 1871; J. G. Otto: Maly’s Jahres- 
bericht f. Tierchem., xvii, p. 134, 1888. 

19 G. Salvioli: Arch. f. (Anat. u.) Physiol., 1881, p. 269. 

20 Burckhardt: Arch. f. exp. Path. u. Pharm., xvi, p. 322, 1883. 

21 P. D. Panum: loc. cit. 
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H. T. Krieger,” however, employing rabbits, obtains the same 
result as I, namely, a decrease in the proportion of globulins to 
albumins during starvation. It appears, therefore, that the direc- 
tion in which this ratio alters during starvation varies with the 
species, possibly with the nature of the normal dietary of the ani- 
mal. As we shall see, my results obtained with the sera of normal 
and of fasting rats confirm this view. 


D. Results obtained with rat serum. 


Twelve normal (that is, fully fed) adult albino rats were ether- 
ized and bled by cutting the throat. The blood of all of the ani- 
mals was caught in the same Erlenmeyer flask containing glass 
beads and defibrinated by shaking. It was then immediately 
centrifuged, and the clear serum pipetted off and analyzed. The 
following were the results obtained: 


TABLE 5. Normal rats. 


per cent. 
I a cl Tac lis sos nae us ay ... 0.48 = 0.04 
a ee ee wiles 1.7 + 0.15 
NR GSN RS De aa on Ee 48 x0.2 
ERTL N.S ORE TOE TI 6.5 = 0.2 


Expressing the above results, as in previous cases, in terms of 
percentages of the total proteins, we obtain for normal rat serum: 


EM Noda 5 dhs valcke wokaen b+ iee tease 7.4 (+ 0.4) 
EI Si Eye Me A a a 26 (+ 2) 
I ia ee SRS ea ea caeaereci 74 (2 2) 


Similar determinations were carried out upon the serum of fast- 
ing rats. Eighty animals were fasted for thirty-six hours.** They 
were bled in batches of forty into two separate Erlenmeyers, the 
blood being defibrinated with glass beads and then centrifuged as 
before. The following were the results obtained: 


22H. T. Krieger: Inaugural Dissertations Strassburg, 1899, cited after 
Maly’s Jahresbericht f. Tierchem., 1899, p. 14. 

*8 It is impossible to fast rats much longer than this without inducing 
pathological symptoms. After sixty hours they die of hunger or else, if 
kept together, commence devouring each other. 
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TABLE 6. Fasting rats. 










BATCH l. BATCH 2. 

per cent, per cent. 
“Insoluble” globultn.............. 0.55 = 0.04 0.55 = 0.04 
Tee ee, i SA 2.6 + 0.15 2.7 += 0.15 
IS sk Susek oy. de bce 4.8 = 0.2 4.8 += 0.2 
OCT Teer tre 7.4 += 0.2 7.5 = 0.2 





Whence we may conclude: 

(1) That in rats, as in rabbits and dogs, starvation leads to 
an increase in the protein content of the blood serum. 

(2) That in rats, as in dogs, the effect of starvation upon the 
ratio of globulin to albumin is contrary to its effect upon this ratio 
in rabbits, that is to say, the proportion of globulins to albumins 
increases. 

Expressing the above results, as in previous cases, in terms of 
percentages of the total proteins, we obtain for fasting rat’s serum: 














Ps Ui 5.2: btaly as < WR Renee 7.4 (+ 0.4) 
eg ed a al 36 (+ 2) 
ERR Ae ea SEPT Ges Seam, Rey ee t= A aed 







II. DISCUSSION OF THE RESULTS. 















Summarizing the results enumerated above, obtained with 
fasting animals, and comparing them with the results previously 
obtained with the serum of fasting oxen, we obtain the following 
table in which the results are expressed as percentages of total 










protein: 
TABLE 7. Fasting animals. 
SPECIES a TOTAL GLOBULINS TOTAL ALBUMINS 
Albino rat....... 7.4 (+0.4) 36 (+ 2) ’ 64 (+ 2) 
1 a53 3.5 f18 is fet ss 
Rabbit a A-ee i ate ee 3.0/3 (+ 0.4) 17 {13} (+ 2) 83 | 82 (+ 2) 
ARREST aerate 8.9 (+0.4) 36 (+ 2) 64 (+ 2) 






57 (+ 2) 


NR iisineecs 4.2 (+0.4) 43 (+ 2) 
—_— & - — 











Assuming that the divergence between my results for horse and 
ox sera and those of previous observers, alluded to above, is due 
to the fact that I employed the sera of fasting animals, while others 
have employed the sera of fully fed animals, we may construct 
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a similar tabular comparison of the sera of ‘normal,’ 7.e., fully 
fed animals, as follows: 


TABLE 8. Normal animals. 


| | 
“‘INSOLUBLE”’ 7 . y y 
SPECIES | GLOBULINS TOTAL GLOBULINS TOTAL ALBUMINS 
; ! 


Albino rat (Robertson)..... 7.4 bhi 0. 4) : 7 
Rabbit (Robertson) | 5.2 (+0.4) 


Rabbit (Hammarsten) 
Rabbit (Inagaki) 


Ox (Hammarsten*) 





Horse (Hammarstenf) ... ; 
| 
Horse (Lewinskit)........| 


| 


* Determinations made upon:four individuals: the fifth, alluded to above (Section B), in 
which the albumins were present in excess of the globulins is omitted. 

t Determinations made upon ten individuals. 

t Determinations made upon four individuals. 


A comparison of these tables enables us to draw the following 
inferences: 

(1) In the rabbit, ox and horse, which are herbivorous animals, 
starvation leads to an increase in the proportion of albumins to 
globulins in serum, while in the rat, which is omnivorous, and (cf. 
above) in the dog, which is carnivorous, starvation leads to an 
increase in the proportion of globulins to albumins in the serum. 
These facts, although as yet insufficiently extended to afford a safe 
basis for generalization, suggest rather forcibly the view that the 
effect of starvation upon the ratio of globulin toalbumin in mamma- 
lian blood sera is correlated with the nature of the normal dietary 
and, conversely, that the nature of the normal dietary is determined 
by the composition of the blood and the needs of the tissues no less 
than by the character of the alimentary canal. If this be indeed 
the case then the effect of starvation upon the rats employed in 
my investigations is very surprising in view of the fact that they 
had been fed for many weeks preceding the analyses upon a purely 
vegetable diet, to wit, crushed barley. 
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The great constancy of the ratio of ‘insoluble’ globulin to total 
globulin and to total albumins, in different fasting individuals of the 
same species (cf. table 4), and its variation in the different species 
investigated, indicate that it is a specific character. In fully fed 
animals the individual variations are greater; nevertheless the data 
enumerated in table 8 indicate that the average value of this ratio 
is a specific character for fully fed animals also. A comparison 
of tables 7 and 8 would even appear to indicate that phylogenetic 
relationships are better displayed in the protein composition of the 
sera of “normal’’ than in that of the sera of fasting animals, for in 
table 8 the two rodent sera are clearly seen to be related and differ 
markedly from the two ungulate sera which also resemble one 
another. In table 7 these relationships are not so clearly dis- 
played. As yet, the data at hand are too scanty to enable one to 
determine in favor of the one or of the other standard of compari- 
son. A comparison between the sera of fully fed animals, how- 
ever, obviously necessitates a much larger number of determi- 
nations than a comparison between the sera of fasting animals. 

I have elsewhere* pointed out that we are in possession of 
many data tending to show that the proteins in blood serum are 
united to form a complex, the character of which is presumably 
determined by the relative proportions in which the different pro- 
teins enter into it, and I have suggested that the specifie character 
of this complex in different species may possibly underlie the phe- 
nomenon of specificity in the immunological sense. The fact that 
starvation alters the proportion in which the various proteins are 
present in the sera of animals does not conflict with this view, 
while the high degree of constancy in the relative proportion of 
the various proteins in the sera of fasting animals lends some degree 
of support to it. 

The investigations of Voit and the more modern investigations 
of Folin,® Schreuer®® and others have taught us to distinguish 
between circulating protein, which is only transitorily resident in 
the body, and tisswe protein, which is bound up with the mainte- 
nance of life and not readily catabolized. We may well suppose 
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*4'T. Brailsford Robertson: Univ. of Calif. Publ. Physiol., iv, p. 25, 1911; 
Die physikalische Chemie der Proteine, Dresden, 1912, pp. 126-132. 

2° QO. Folin: Amer. Journ. of Physiol., xiii, p. 117, 1904. 

26M. Schreuer: Arch. f. d. ges. Physiol., ex, p. 227, 1905. 
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that protein of the former character, derived from the alimentary 
canal and in process of being carried to the tissues by the blood 
stream, does not form an integral part of the specific serum-protein 
complex to which I have referred. In fully fed animals such “ cir- 
culating protein’ would be present in the blood in maximum con- 
centration, while in the blood of fasting animals, in accordance 
with the metabolic “law of minimum,” we should expect “ circu- 
lating” readily catabolized protein to be present in minimum con- 
centration. 


Ill. SUMMARY. 


The quantities of “insoluble” globulin, total globulin and total 
albumin contained in the sera of the normal (fully fed) rat and 
rabbit and of the fasting horse, rat and rabbit have been deter- 
mined by a refractometric method described in a previous com- 
munication. During the course of this investigation the following 
conclusions were reached: 

(1) The refractometric method of analysis yields results (with 
the rabbit) which closely agree with those obtained by previous 
observers, employing other methods of analysis. 

(2) Horse serum does not contain preformed crystallizable albu- 
min to the extent of more than 40 per cent of the total albumins. 

(3) The refractometric method cannot be employed to deter- 
mine more precisely than this the quantity of crystallizable albu- 
mins contained in sera. 

(4) Provided not over 40 per cent of the albumins are of the 
crystallizable variety, no appreciable error is introduced into the 
refractometric determinations of the total albumins and total pro- 
teins in sera by assuming that all of the albumins present have the 
refractivity of amorphous serum albumin, to wit, 0.00177 per 
gram per 100 cc. of solvent. 

(5) The relative proportion in which the above mentioned three 
groups of proteins are present in the serum of fully fed animals is 
subject to rather high individual variations; the average values 
are, however, characteristic of the species from which the serum is 
derived. 

(6) The percentage of total proteins in sera derived from differ- 
ent fasting individuals (with free access to water) is highly vari- 
able. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. x11, No. 3, 





340 Proteins of Blood Sera 


(7) The relative proportions in which the above mentioned three 
groups of proteins are present in the sera of fasting animals of 
the same species (rabbits) is constant within the limits of the exper- 
imental error of the determination. 

(8) During starvation, the total protein content of the blood- 
serum rises. 

(9) In the rabbit, ox and horse starvation leads to an increase 
in the proportion of albumins to globulins in the serum, while in 
the rat and in the dog starvation leads to an increase in the pro- 
portion of globulins to albumins in the serum. 





PUTREFACTION WITH SPECIAL REFERENCE TO THE 
PROTEUS GROUP. 


By LEO F. RETTGER anv CLYDE R. NEWELL. 


(From the Sheffield Laboratory of Bacteriology and Hygiene, Yale University.) 
(Received for publication, October 15, 1912.) 


The subject of putrefaction has caused much confusion in the 
minds of different investigators. Most of the definitions of the 
term putrefaction which may be found in text-books, dictionaries, 
etc., are so vague and in many instances contradictory that little 
information may be gained from them. Some authors regard 
all bacterial decompositions of organic matter, particularly pro- 
teins, carbohydrates and fats, as putrefactive changes. Others 
would limit the action to proteins alone without special refer- 
ence to the actual nature of the decomposition or to the products. 
Others, again, would restrict the meaning so as to include only 
those processes of protein disintegration which give rise to foul- 
smelling products. 

In previous publications! one of us accepted the last-mentioned 
view, namely, that of Bienstock? and numerous other investi- 
gators. Since then there has been no occasion to depart from 
that view. It may be said that there is no word in the English 
language which conveys exactly the meaning that the word “ Fiiul- 
niss’’ does; yet the term “ putrefaction”’ is of practically the same 
significance. It is derived from the Latin “putrere,’’ meaning 
“to be rotten,’ and hence may be defined literally as a process 
of rotting or offensive decay. 

There is no very serious objection to giving the word putre- 
faction the more popular meaning which is so generally applied 
to it, as a matter of convenience, but in its scientific application 
its meaning should be more specific or restricted. Putrefaction 

‘ Rettger: this Journal, ii, p. 71, 1906; ibid., iv, p. 45, 1908. 

2 Bienstock: Arch. f. Hyg., xxxvi,. p. 335, 1899; ibid: xxxix, p. 390, 1901, 
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may be defined, therefore, as a particular process of protein 
decomposition which is brought about through the agency of 
bacteria with the evolution of foul-smelling products which are 
characteristic of ordinary cadaveric decomposition. It should 
be stated that mercaptan is of particular significance and that in- 
dole, skatole and hydrogen sulphide are of less importance. 

Pasteur was the first to point out that putrefaction is essenti- 
ally an anaérobic process. This view has since been held by many 
investigators. Certain writers have in recent years attempted 
to overthrow the conception of Pasteur, however. Whether the 
newer contentions are based on sufficient experimental evidence 
may be regarded by many as an open question. 

In a previous paper*® it was claimed that only certain obligate 
anaérobes are able to initiate and carry on the decomposition of 
native proteins in the absence of atmospheric oxygen. Bacillus 
putrificus, B. edematis maligni and B. anthracis symptomatict 
were mentioned as the best examples. B. tetani does not have a 
place in this group. JB. aérogenes capsulatus (Welch) has only a 
limited if, in fact, any proteolytic action. All of the facultative 
anaérobes that were tried were found to lack this power. At 
least thirty different organisms, including Proteus vulgaris, were 
subjected to the test. The results were in perfect harmony with 
those which Bienstock* obtained in his extensive work on putre- 
faction. 

During the past two years we have repeated some of the earlier 
experiments, and particularly those bearing on the proteus group. 
As a preliminary part of the investigation, we sent personal 
requests to at least twenty-five different bacteriological labora- 
tories for culture tubes of members of the proteus group of bacilli. 
We were liberally supplied with cultures from many sources, 
including four strains from the Pasteur Institute of Paris (Pro- 
fessor Metchnikoff’s laboratory). Of the tubes received, twelve 
were labeled Proteus vulgaris, three, P. mirabilis, two, P. zenkeri, 
one, P. hominis and one, P. versicolor. Furthermore, there were 
tubes bearing the numbers 370, 372, 374 (1) and 374 (2) and 
four cultures from the Pasteur Institute labeled Proteus a, b, ¢ 
and d. 


3’ Rettger: this Journal, ii, p. 71, 1906. 
4 Bienstock: loc. cit. 
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All of the strains were put through the most important cul- 
tural and microscopic tests in order to satisfy ourselves that we 
were in each case working with a member of the so-called proteus 
group and with uncontaminated cultures. The putrefaction tests 
were usually made in the egg-meat medium® which has for sev- 
eral years been employed in this laboratory. Tubes of blood 
fibrin suspended in bouillon and in Uschinsky medium were 
employed also. The egg-meat medium was used in preference 
to others because of the ease with which it is prepared and the 
satisfactory results which have been obtained with it. 

All of the tests were made in large test tubes. Anaérobiosis 
was induced by means of the alkali-pyrogallic acid mixture, by 
the Buchner and the Wright methods. As checks, putrefaction 
tests were made with B. putrificus, B. edematis maligni and B. 
anthracis symptomatici. Positive putrefaction results were ob- 
tained with these organisms in every instance; that is, on opening 
the tubes the characteristic odor of putrefaction was given off 
and the solid matter (egg white and meat) was rapidly reduced 
in volume. 

With the various members of the proteus group the results 
were entirely different. Not one of the twenty-six strains which 
were used in this investigation gave us the slightest indication 
that it possessed the ability to initiate and bring about any visi- 
ble change in the character of the protein material, when grown 
under anaérobic conditions. There was no visible reduction in 
the volume of the solid matter nor the least odor of putrefaction 
when perfectly clean rubber stoppers were employed in sealing 
the tubes. In a very few instances a slight odor of putrefaction 
was perceived, but this was found to be due to stoppers which 
had been used in positive putrefaction tests. On removing the 
stopper and cotton plug, and after thorough cleansing of the 
mouth of the tube, the odor disappeared. 

Tubes were left in the incubator (37.5°C.) for at least a week; 
often for two or three weeks. They were also kept at ordinary 
room temperature for similar periods. Before incubation at the 
higher temperature the tubes were kept comparatively cool 
(8-10°) for from twenty-four to thirty-six hours in order to 


5 Rettger: this Journal, ii, p. 71, 1906. 
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allow the oxygen to be absorbed before any aérobic bacterial 
action could take place. All of the tests were duplicated and 
duplicate examinations of each organism were made at least three 
or four times. 

Rigid microscopic examinations were always made of the con- 
tents of the proteus-inoculated tubes and, whenever there was 
any question of contamination, cultural tests were made. The 
organisms used in the inoculation were always detected with 
ease and their numbers indicated that considerable multiplica- 
tion had taken place. The growths were made possible by the 
presence of non-protein nitrogenous substances and not by the 
proteins. 

Besides the anaérobic tests numerous examinations were made 
under aérobic conditions. In so far as actual putrefaction is 
concerned, the results were again all negative. Proteus zenkeri 
has no visible disintegrating action whatever. P. mirabilis like- . 
wise has none or, at the most, very little when grown under aérobic 
conditions. On the other hand, P. vulgaris possesses the ability 
to attack and to a certain extent decompose the egg-meat pro- 
teins and blood fibrin. Such action is, however, very slow and 
is dependent on an ample supply of atmospheric oxygen. In 
such decomposition of protein there are a number of well-known 
bacterial decomposition products as indole, amines, amino-acids, 
hydrogen sulphide, ete., but these are not the products of real 
putrefaction, in the sense in which we use the term, and the odor 
given off from the P. vulgaris tubes is not that which is so 
characteristic of putrefactive changes, as illustrated in the action 
of B. putrificus. 

Many of the common aérobes and facultative anaérobes are 
known to have definite proteolytic action on egg albumin, serum 
albumin, ete., when in contact with free oxygen. This is demon- 
strated easily on ordinary blood serum or egg white when they 
have been coagulated by heat, and we need not seek any further 
for organisms than B. subtilis, B. prodigiosus, B. pyocyaneus, 
etc. Furthermore, indole and hydrogen sulphide are very com- 
mon protein decomposition products, and are not indicators of 
real putrefaction. The results are quite different, however, when 
oxygen is excluded, as we have so frequently observed. 















Leo F. Rettger and Clyde R. Newell 345 


We are forced to disagree, therefore, with Tissier and Martelly,° 
who claim that Proteus vulgaris exerts a putrefactive influence 
on proteins. When inoculated by them into Uschinsky-Fraenkel 
medium containing blood fibrin the organism caused the medium 
to become clouded in twenty-four hours and, according to them, a 
fetid odor was given off in the course of two days. The fibrin 
was attacked. At the end of fifteen days the action seemed to 
be arrested. On analysis they found indole, phenol, amines, leu- 
cine, acetic, formic, butyric and valerianic acids and hydrogen 
sulphide. No mention is made of mercaptan or the aromatic 
oxy-acids. In its action on proteoses the organism produced the 
same products. 

They succeeded in isolating an enzyme which acts in neutral, 
alkaline or slightly acid solution, but which is much less active 
than that of the anaérobes studied. They found P. zenkeri 
associated with P. vulgaris in spontaneous putrefaction mixtures, 
but were unable to demonstrate the presence of a proteolytic 
enzyme in cultures of _P. zenkeri. This organism was unable 
to attack native proteins. 

We have no comments to make on the question as to whether 
the action of P. vulgaris on the blood fibrin, as observed by Tissier 
and Martelly, was one of real putrefaction, in the sense that we 
use the term. Their observations were made on a very limited 
number of strains of P. vulgaris, if indeed more than one. On 
the other hand, at least eighteen different strains of the organism 
were tested by us, and in every instance with negative results. 

Basing his conclusions largely on the observations of Tissier 
and Martelly, Metchnikoff? holds to the view that putrefaction 
may be induced by certain aérobes. 

The putrefactive anaérobes and certain members of the pro- 
teus group are frequently associated with each other. While 
they appear to be present but rarely in the normal intestines of 
man, they are found side by side in the spontaneous decomposi- 
tion of protein-containing substances, like meat, humus, etc. The 
two groups assume different rédles in the processes of disintegration 
of protein and in putrefaction. Together with other organisms 
which are essentially aérobic, the P. vulgaris exerts an early dis- 


6° Tissier and Martelly: Ann. de l’Inst. Pasteur, xvi, p. 865, 1902. 
7 Metchnikoff: ibid., xxii, p. 928, 1908. 
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integration action, during the process of which free oxygen is 
removed from the medium, whereby the putrefying anaérobes 
are enabled to carry on the process of real putrefaction. The 
finding of P. vulgaris in putrefaction mixtures is not a necessary 
indication that it has played a part in the putrefaction, as has been 
assumed by many ever since the discovery of the organism by 
Hauser. According to Tissier,’ B. proteus vulgaris rapidly de- 
stroys the intermediate cleavage products of proteins. In this 
way it is undoubtedly an important aid in the complete disin- 
tegration of proteins. 

Putrefaction is the work of certain obligate anaérobes. If such 
a function is assumed by any other organisms, as Tissier and 
Martelly claim, it is rare and of little significance. 


* Tissier: Ann. de l’Inst. Pasteur, xxvi, p. 522, 1912. 
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The demonstration of the occurrence of pyrimidine derivatives 
as constituents of the nucleic acid molecule has awakened a wide 
interest in the physiological behavior of the pyrimidine ring. The 
possible biochemical significance of this group is attested by its 
structural relationship to the purines, creatinine, allantoin and 
other physiologically important compounds. Although hydantoin 
and its derivatives have not yet been found present as constitu- 
ents of any tissues of the body, the behavior of the hydantoin 
nucleus, a structure similar to the pyrimidine grouping but contain- 
ing one less carbon atom, deserves consideration in connection 
with intermediary metabolism. 
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Pyrimidine nucleus. Hydantoin nucleus. 













The close relationship between hydantoin, allantoin, creatinine, 
purine and imidazole may be seen by a comparison of their struc- 
tural formulae. 





NH—CO NH—CO NH: NH—CO NH—CH N=—=CH 
| | | bie ete] 
C=0 C=0 C= =NH c.i ce c~- seis 
| ] | 
1] {| 
NH—CH, NH—CH—NH (CH,)N—CH, N—CH N pe AS” gg 


Hydantoin. 


















Allantoin. Creatinine. Imidazole. Purine. 
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None of these substances with the possible exception of the 
imidazole nucleus have been demonstrated to be destroyed when 
introduced into the organism. Dakin and Wakeman! have shown 
by perfusion experiments with the liver that some slight decom- 
position of histidine, which contains the imidazole nucleus, may 
take place with the formation of acetoacetic acid, but they con- 
clude that the effect is too slight to formulate any promising hypoth- 
esis for the catabolism of histidine. Feeding experiments with 
histidine? leave the fate of this substance in the organism in 
doubt. The failure of these related compounds to experience 
disintegration in metabolism renders the behavior of hydantoin, 
a compound simpler than any of the others, of particular interest. 

From another viewpoint, the behavior of hydantoin seems 
worthy of study. Lusini* working with alloxan and alloxantin 
ie 


reached the conclusion that the grouping C =O functions to stim- 


| 
NH— 


ulate and then inhibit nerve centers. It is, according to Lusini, 

















the ketone-like group Yeo which has the stimulating property 





and an abundance of these groups increases the toxicity. More 
recently Kleiner* was unable to confirm Lusini’s conclusions since 
barbituric acid, which Kleiner studied and which is non-toxic, 
contains the ketone group and differs little from the toxic sub- 
stance alloxan. Inasmuch as hydantoin also contains the alleged. 
NH— 
| 


toxic group, CO 










, the question of its toxicity is of interest. 









NH— 
The present paper deals with the behavior of hydantoin and 










1 Dakin and Wakeman: this Journal, x, p. 499, 1912. 
* Abderhalden and Einbeck: Zeitschr. f. physiol. Chem., \xii, pp. 322-32, 
1909; Abderhalden, Einbeck and Schmid: 7bid., lxviii, pp. 395-99, 1910; Kow- 
alevsky: Biochem. Zeitschr., xxiii, pp. 1-4, 1910. 

$ Lusini: Ann. di chim. e di farmacol., xxi, pp. 145-60, 241-57, xxii, pp. 
341-51, 385-94, 1895; Chem. Centralbl., i, p. 1074; ii, p. 838, 1895. 
4 Kleiner: this Journal, xi, pp. 443-70, 1912. 
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the ethyl ester of hydantoic acid, introduced in different ways 
into the organism of various species. The hydantoic acid ester 
was prepared from glycocoll ester hydrochloride and potassium 
cyanate, according to the method of Harries and Weiss.6 On 
evaporating the ester to dryness with concentrated hydrochloric 
acid, it is converted to the hydantoin. The latter is then purified 
by reerystallization from absolute alcohol. 


NH—CO 


4 


NH, * CO: NH: CH: COOC2H; C=O | 


Bae 


NH—CH, 
Ethyl ester of hydantoic acid Hydantoin 


Analysis (Kjeldahl nitrogen determination) of the hydantoin prepared 
gave the following result: 


Calculated for 
CsHaN2O2: Found: 


his ex SUN ee aid ocak 28.00 per cent. 27.88 per cent. 


For the identification of the hydantoin in the urine, use was 
made of the insoluble benzalhydantoin. The urine was acidified 
and evaporated to small volume on a water bath, decolorized 
with animal charcoal and evaporated to dryness. The product 
was then condensed with benzaldehyde in the presence of glacial 
acetic acid, acetic anhydride and dried sodium acetate, as de- 
scribed by Wheeler and Hoffman. For the identification of 
the ester, the urine was evaporated to dryness with concentrated 
hydrochloric acid to convert the ester into hydantoin, and the 
benzal derivative was prepared as before. 

The analytical procedures included the Kjeldahl-Gunning meth- 
od for nitrogen and Folin’s methods for urea and creatinine. 
Blank experiments with hydantoin showed that this substance is 
not attacked by Folin’s urea method. 

In the experiments with rabbits the bladder was emptied by 
pressure at the same hour daily. The substances, when fed, were 
dissolved in water and introduced through a gastric sound. In 
the experiments with dogs the animals were catheterized at reg- 


§ Harries and Weiss: Ber. d. deutsch. chem. Gesellsch., xxxiii, p. 3418, 1900. 
6 Wheeler and Hoffman: Amer. Chem. Journ., xlv, p. 368, 1911. 
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ilar twenty-four-hour intervals. Here the substances fed were 
mixed with the food. 


EXPERIMENTS WITH HYDANTOIN. 


Rabbit. I. Diet, 300 grams of carrots daily. This was com- 
pletely consumed except on the day of the hydantoin administra- 
tion when the animal ate only 270 grams. No toxic effects of 
any sort were noted. The protocol follows: 


Rabbit; weight, 1.8 kgms. 


REMARKS 


TOTAL N 


VOLUME 


| SPECIFIC GRAVITY 
UREA + NHs 
N 
| N NOT 
UREA B NHs 


| grams : gram | per cent gram 

012 0.876 0.768 | 87.6 | 0.108 

.012, 0.918, 0.750 80.1 |. 0.168 | 

.015, 0.900) 0.756 84.0 | 0.144 | [1.5 gm. hydantoin 
.026 1.808) 0.738 | 66.4 | 0.670 .{ =0.42gramN,in- 
.016 0.696, 0.600 | 86.4 | 0.096 | | traperitoneally. 
024 0.690 0.630 | 90.1 | 0.060 | 


| 
| 
! 
} 
| 
' 








} 


About 0.3 gram of benzalhydantoin, after purification by re- 
crystallization from alcohol, was obtained from the urine of the 
fourth day. The benzalhydantoin isolated melted at 217° and 
when mixed with a pure synthetic sample did not alter the melting 
point of the latter. 

No increase in the urea + ammonia nitrogen on the day of the 
injection was observed, although the increase in the elimination 
of total nitrogen excreted accounted for all the nitrogen admin- 
istered as hydantoin. This fact, together with the identification 
of hydantoin in the urine, indicates that hydantoin is unaltered 
in its passage through the body. 

Another experiment with the same animal a few days later, 
in which the same amount of hydantoin was administered per os, 
gave similar results. 

Rabint. II. Diet, 300 grams of carrots. On the day on which 
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the hydantoin was fed, the animal consumed the full daily ration. 
No toxic symptoms of any sort were noted. The protocol follows: 


Rabbit; weight, 1.64 kgms. 


REMARKS 


UREA + NH3-N 
TOTAL N 
N NoT 
maa” 7 NHs3 


VOLUME 
SPECIFIC GRAVITY 


percent | gram 
.015, 0.900; 0.786 | 87.3 | 0.114 
.018| 0.708) 0. — 90.6 | 0.066 | 
.016) 0.624) 0. | 89.4 | 0.066 | [1.5 gm. hydantoin 
021, 0.918 0.576 | 62.7 0.342 4 = (0.42 gram N, 


| 
| 
| 
| 


019, 0.726) 0. | 79.1 | 0.166 || per os. 
.020| 0.600 0.516 86.0 0.084 
025 0.570) 0. 83.1 0.096 | 


Oonrm WH 


~I 





From the urine of the experimental day a small amount of ben- 
zalhydantoin melting at 218° was obtained. 

Dog. A female was fed on a constant daily diet of 200 grams of 
lean meat, 50 grams of lard, 30 grams of sugar, 5 grams of bone 
ash, 2 grams of salt and 250 cc. of water with a total nitrogen 
content of 6.84 grams. The hydantoin was dissolved in the water 
of the diet. The animal ate eagerly on the experimental day as 
at other times. 


Dog A; weight, 12.4 kgms. 


REMARKS 


VOLUME 
SPECIFiC GRAVITY 
UREA + NHs3 
N 
UREA + NH3-N 
TOTAL N 
N nor 
UREA + NHa; 
N 
CREATININE 


grams grams per cent "grams gram 

| 8.45 7.63 | 89.8 | 0.82 | 0.279 

6.69; 6.24 | 93.3 0.45 | 0.294 .. . 
(2.5 gm. hy- 

6.38; 5.80 | 90.9 | 0.58 | 0.294) )7 

6.87/ 5.67 | 886 | 1.20 |0.298)) (- y 

5.99 5.39 | 90.0 0.60 | 0.306 7 ge ty 

16.12| 5.44 | 88.8 | 0.68 | 0.294 6 With food. 

| 6.37 5.76 90.4 0.61 0.297 
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From the urine of the experimental day 3.3 grams of benzal- 
hydantoin were obtained corresponding to 1.7 grams of hydantoin 
( = 0.476 gram N) in the day’s urine. “This was purified by solu- 
tion in potassium hydroxide and reprecipitation with acid. 

Cat. A cat weighing approximately 4 kgms. received 3 grams 
of hydantoin mixed with raw meat. The urine of the next twenty- 
four hours was collected and examined for the presence of hydan- 
toin as above. The benzalhydantoin obtained melted at 214° and 
after purification weighed 1.7 grams. 

A nitrogen determination (Kjeldahl) on the mixed products 
obtained in this and the three preceding experiments gave the 
following results: 


Calculated for 
CioHsN202: Found: 


Res His) Meee ean 14.92 per cent. 14.59 per cent. 





In all our experiments the recovery of the administered hydan- 
toin from the urine leaves no doubt as to its absorption. The 
increase in the total nitrogen of the urine on the experimental 
day also points to the same conclusion. In no case was the urea 
+ ammonia nitrogen output increased, the difference between 
the total and urea + ammonia nitrogen nearly always approach- 
ing the value of the nitrogen administered as hydantoin. In 
the rabbit IT, there was observed a slight lag, part of the hydantoin 
probably being eliminated on the day after the administration. 
No effect on the creatinine elimination was observed in the dog. 
Hydantoin appears to be without influence on nitrogenous me- 
tabolism and is not destroyed or changed by the organism. No 
NH— 
| 


toxicity attributable to the group C = O as alleged by Lusini was 
| 
NH— 


observed. 


WITH ETHYL HYDANTOATE, 





EXPERIMENTS 






In order to ascertain whether the inability of the organism to 
break down hydantoin was due to the cyclic structure, experiments 
were conducted with the ethyl ester of hydantoic acid. This 
acid is converted to hydantoin with the loss of a molecule of water 
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and bears the same relation to hydantoin that creatine bears to 
creatinine. 





NH—CO 


| 


NH2CO:NH-CH, COOH —> C=O + HO 


| 


NH—CH, 


Hydantoin 








Hydantoie acid 









Hydantoic acid may also be considered as a uramino acid, 
uraminoacetic acid. Koehne,’ working with the ethy] ester of the 
homologous uraminoformic or allophanic acid, found that it dis- 
appeared in the body. 

Rabbit 1. Diet, 300 grams of carrots daily. On the exper- 
imental day the animal showed no unusual symptoms and resumed 
eating immediately after the feeding of the ester. The protocol 
follows: 









Rabbit; weight, 1.7 kgms. 
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ce. gram gram , gram per cent gram 




















1 220 | 1.011 0.055 0.810) 0.729 99.0 0.091 

2 229 | 1.012 0.056 0.443) 0.347 78.3 0.096 {2 gm. hydan- 

3 200 1.013 0.047, 0.443 0.396 89.8 , 0.047 toic acid es- 

1 295 1.017 0.071 0.845 0.420 496 0425 { ter = 0.38 | 
5 220 1.016 0.063 0.458 0.347 73.5 O.111 gram N, per 
6 270 1.014 0.061 0.414) 0.369 89.1 0.045 | | os. 





From the urine of the experimental day, benzalhydantoin was 
prepared in the usual manner. An amount equivalent to 0.67 
gram of the ester (= 0.13 gram N.) was obtained. The ben- 
zalhydantoin melted at 218° and did not change the melting point 
of the pure synthetic substance when mixed with it. A nitrogen 
(Kjeldahl) determination gave the following results: 















Calculated for 
CioHsN20:2: Found: 


14.92 per cent. 14.67 per cent. 













7 Koehne: Inaugural Dissertation, Rostock, 1894, p. 17. 
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Rabbit 2. Diet, 300 grams of carrots daily. The animal ap- 
peared normal on the day of the injection and ate as usual. 
The protocol follows: 


Rabbit; weight, 1.5 kgms. 


SPECIFIC 
| GRAVITY | 
| 
| 


| 
DAY , VOLUME TOTAL N \CREATININE REMARKS 


ce. | | grams gram 
9 | 1.026 | 1.172 | 0.103 
0.702 | 0.070 
0.611 0.078 1.5 grams hydantoic acid es- 
0.878 0.081 ter = 0.286 gram N, sub- 
0.513 0.084 cutaneously. 

0.374 0.076 
0.444 0.073 











From the urine of the experimental day a small amount of 
benzalhydantoin was prepared which melted at 217° and did not 
affect the melting point of the pure synthetic substance. 

Rabbit 3. Diet, 300 grams of carrots and 30 grams of oats 
daily. On the day of the injection only 270 grams of carrots were 
eaten. No abnormal symptoms were noted. 


Rabbit; weight, 2.34 kgms. 


| 


| 
| 


REMARKS 


TOTAL N 
N NoT 


| 


VOLUME 
| SPECIFIC GRAVITY | 
TOTAL N 
UREA + NHs 
N 
UREA + NH3-N 
| UREA + NH 
N 
CREATININE 


grams | per cent gram gram 


cc. | | grams 


265 | 1.010 1.20 | 1.020 | 85.0 | 0.180 0.122 19 0 bedan- 
220 1.013 0.855 0.716 | 82.9 | 0.139 0.092, ai y “9 
29) 1.012'1.018 0.840 | 83.3 | 0.180 0.110 | se age 
260 | 1.015 1.476 1.035 , 70.3 | 0.441 N 
185 | 1.015, 0.996, 0.852. 85.5 | 0.144 eee 
160 | 1.015 0.990 0.900 90.9 0.090 wala ret 
125 | 1.018 sides 0.810 | 85.7 | 0.135 wre % 


| 


| 


From the urine of the experimental day benzalhydantoin was 
prepared and purified by solution in potassium hydroxide and 
reprecipitation with acid. It weighed 0.75 gram = 0.58 gram ester 











in the day’s urine. 


the following results. 


Calculated for 
CioHsN202: Found: 


SRE ee ee ee vere) eee 14.92 per cent. 14.88 per cent. 


Dog. A female received a standard daily diet (see experiments 
on hydantoin). The food was eaten as usual on the experimental 
day. 

Dog A; weight, 12.6 kgms. 


Z 
3 = Ez 2 P 
> -- “A 412 gA . REMARKS 
ae oo et s-.. Se 
» | 3 3 s | @ = ar Bs 
Bie - ae: 3 P 5 = 
ce. | grams | grams per cent grams gram 
1 175 | 1.040 6.61) 6.03 91.2 0.58 0.349 
2  350/ 1.026 6.60| 6.03 91.3 0.57 0.335 {3 gm. hydan- 
3 380/ 1.029 6.59; 5.93 | 90.0 0.66 0.324'| toicacides- 
4 300 | 1.0287.84 6.25 85.1 1.09 0.326 / ter = 0.67 
| | gm. N in 
| food. 
5 | 290 | 1.033 6.25 | 5.67 | 90.8 0.58 0.335) (2 gm. ester = 
6 315 | 1.026 6.53) 5.92 | 90.7 0.61 0.324 | 0.38 gm. N 
5.55 


86.1 0.89 0.332,{ infood. See 


7 200 1.034 6.44 
| | | note in the 
| text. 


| 


On the seventh day the animal received a second dose of 2 grams 
of the ester, but refused to eat all the food. The animal was 
stuffed, and some material was lost. Hence the urine data on 
that day cannot be compared with those of the previous days. 
Taken as an isolated experiment, however, the results of the seventh 
day show the important point that the urea + ammonia nitrogen 
does not maintain its fairly uniform proportion as on other days 
but is decreased, indicating ex¢retion of nitrogen in some form 
other than urea. 

Small amounts of benzalhydantoin were prepared from the 
urine of the experimental days. The material was darker than 
that obtained in previous experiments and melted at 210—212°. 
A nitrogen (Kjeldahl) determination gave the following results: 


Calculated for 
CioHsN202: Found: 


re eit tere yt Se 14.92 per cent. 14.41 per cent. 
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A nitrogen (Kjeldahl) determination gave 
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These experiments all indicate that in the dog and the rabbit 
the hydantoic acid ester is not affected by the metabolic processes 
of the body. No marked increase of urea and ammonia nitrogen 
was observed. A hydantoin derivative was always isolated from 
the urine, indicating the presence of the unaltered substance 
administered. The creatinine output of the urine was not affected. 
The very slight increase observed in the experiments, especially 
with rabbit 2, may be accounted for by the fact that the ester 
itself gives a slight color with Jaffé’s picric acid test as it is applied 
in the colorimeter. 


SUMMARY. 


1. After administration of hydantoin, the compound can be 
recovered from the urine in the form of an insoluble benzalhy- 
dantoin. This method is not quantitative, but serves to identify 
the material. 

2. No toxic effects were observed to follow the administration 
of hydantoin. This is in opposition to Lusini’s theory of the 

‘es 
toxicity of C = O groups. 


| 
NH— 

3. Hydantoic acid, of which hydantoin is the cyclic anhydride, 
is not destroyed in metabolism when it is administered as the ethyl 
ester, but can likewise be recovered by forming the insoluble ben- 
zalhydantoin. 

4. The hydantoin nucleus is not destroyed in the organism of 
the cat, rabbit or dog. 


These studies were undertaken at the suggestion of Professor 
Lafayette B. Mendel. We desire to acknowledge dur indebtedness 
to Professor Treat B. Johnson for aid in the synthesis of the com- 
pounds employed. _ 





THE RACEMIZATION OF PROTEINS AND THEIR DERIVA- 
TIVES RESULTING FROM TAUTOMERIC CHANGE. 


PART I. 


By H. D. DAKIN. 
(From the Herter Laboratory, 819 Madison Avenue, New York.) 


(Received for publication October 21, 1912.) 


The writer has shown! that alkali salts derived from optically 
active hydantoins (III), prepared from active a-amino-acids (1), 
undergo spontaneous racemization at room temperature, while 
the uramido acids (II), intermediate products in the preparation 
of the hydantoins, like the amino-acids themselves undergo no 
such change. 


NH, NH—CO—NH, NH—CO—NH 


| | | | 


R—CH—COOH R—CH—COOH R—CH————-CO 
I II IIT 


The racemization of the hydantoin salts was ascribed to tauto- 
meric change of the keto-enol type, represented as follows: 


NH—CO—NH NH—CO—NH 
| —— | | 


R—CH CO R—C- COH 


The. formation of salts of the enol type, even to a small extent, 
would necessarily be followed by racemization since the asym- 
metry of the a-carbon atom is abolished. The view that racemiza- 
tion was due to the formation of salts of the enol type was further 
confirmed by the observation that d-methylethylhydantoin, 


NH—CO—NH 


CH, | | 


c———-co 


CH 


1 Amer. Chem. Journ., xliv, p. 48, 1910. 
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a substance in which no labile hydrogen atom is present, retained 
its optical activity indefinitely under conditions which resulted 
in complete racemization in the case of hydantoin salts capable of 
keto-enol isomerism. 

A consideration of the changes involved in the racemization of 
these amino-acid derivatives led to the belief that similar trans- 
formations would be found to occur in the proteins and polypep- 
tides.2 For while salts of free amino-acids cannot exhibit keto- 
enol isomerism, the opposite may be true of certain of the groups 
in peptide structures. The following formulae comparing the 
hydantoin and peptide groupings, make this clear: 


NH—CO—NH NH—CO— 








~~) R—CH—CO—NH—CHR—COOH 





R*-CH 


tH LT 
NH—CO—NH NH—CO— 
| | 
R—C: —=COH R—C——C(OH)—NH—CHR—COOH 
Hydantoin. Peptide complex. 


A consideration of the above formulae would indicate that, of 
the two amino-acid groups present in the above peptide complex, 
only the one containing the —CH—CO— group could exhibit keto- 
enol tautomerism and hence racemization; while the terminal amino- 
acid group containing a free carboxyl group would be unchanged. 

This type of change apparently corresponds closely to what 
takes place when a protein is digested at low temperature with 
dilute alkali. Kossel and Weiss have shown that proteins as 
widely different as gelatin and clupeine show a rapid decline in 
optical activity when digested at low temperatures with dilute 
alkali, but in no case is optical activity completely abolished. 
Kossel and Weiss further show that on hydrolyzing the racemized 
protamines inactive arginine was obtained, while gelatin gave a 
variety of products from which on hydrolysis inactive histidine, 
arginine, ornithine and some inactive lysine were obtained.’ 


2 The racemization changes described in this paper are all effected at 
low temperatures and have nothing in common with the racemization of 
amino-acids, etc., at high temperatures when heated with caustic alkalies. 

8 Zeitschr. f. physiol. Chem., lix, p. 492, 1909; Ix, p. 311, 1909; Ixviii, p. 165, 
1910. 
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Kossel and Weiss regard the phenomenon essentially as one 
of protein racemization, somewhat complicated by simultaneous 
hydrolysis due to the action of the alkali. Moreover, they came 
to the conclusion that certain amino-acid groups, ¢.g., arginine, 
undergo racemization much more readily when intramolecularly 
bound than when free. It will be noticed that these conclusions 
harmonize excellently with the writer’s hypothesis and, with Profes- 
sor Kossel’s permission, the writer is attempting to obtain further 
insight into the mechanism of the action of alkali on proteins. 

Preliminary experiments upon the action of dilute alkali on 
gelatin show that certain of the amino-acid groups are readily 
and completely racemized, while others retain the optical activity 
unimpaired, while some: appear to occupy an intermediate posi- 
tion. 

The optical properties of some of the amino-acids obtained by 
hydrolyzing the products resulting from the action of caustic soda 
upon gelatin, are recorded below. 

Four hundred gram portions of moist gelatin were dissolved in 
4 liters of water and then 200 cc. of 33 per cent caustic soda added. 
The initial rotation was approximately —13.5° and sank to —6.28° 
after twenty-four hours, —3.39 after four days and finally became 
practically constant at —2.32° after fifteen days. The mixture 
containing ammonia, free amino-acids, peptones and protein was 
completely hydrolyzed with acids and the mono-amino-acids 
examined by Fischer’s ester method, while the bases were isolated 
by the methods of Kossel and Kutscher. 

Glycine was separated as the ethyl ester hydrochloride. The 
glycine was, of course, inactive. Yield, about 17.5 per cent. 

Alanine was obtained in the form of mixtures containing from 
25 to 60 per cent of the active form, the balance being inactive. 
Although some racemization takes place during the separation of 
the alanine, the proportion of inactive substance is rather high 
and probably indicates some racemization prior to hydrolysis. 

Leucine. Large quantities (about 1.5 per cent) of pure inactive , 
leucine were readily obtained on recrystallizing the “leucine frac- 
tion.” 
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ANALYsIs: 0.1458 gram gave 0.2950 gram CO, and 0.1327 gram H,O. 
0.1937 gram gave NH; = 0.0209 gram N. 
i Calculated for 







Found: CeHis02N: 
Gas i ee ee i okSda AE Oe eon Dates eens bone 55.2 55.0 
EERE es ee Ne Ee Pe Sc OL pe Nemes ta”, TP ena 10.1 9.9 






aie Nid nha Wk ch He MONS WA ed Seu Wd ae ttn a3 dn 10.7 










All of the leucine that was obtained in a satisfactorily pure 
7 state was optically inactive in both aqueous and hydrochloric acid 
: solutions. 

A portion of the inactive leucine was converted into a-uramido- 
isobutylacetic acid by means of potassium cyanate. On recrystal- 

lization from boiling water the substance was obtained in the form 

of platelets, m.p., 203°-204°. 

q The mother liquors from the leucine fractions contained some 
alanine and were feebly laevorotatory in aqueous solution and dex- 
trorotatory in hydrochloric acid. Other amino-acids were appar- 
ently present. 

Proline. <A yield of proline was obtained about one-half larger 
than that recorded by Fischer, Plimmer and Levene. Its rotation 
in aqueous solution indicated that it contained about 21 per cent 

of the laevo variety. Since proline is largely racemized in the 

| process of isolation, it is probable that little or no racemization 

i occurred before hydrolysis. 

The proline was characterized by conversion into the copper 
salt and into the phenyl-hydantoin. 

Aspartic acid. The aspartic acid isolated in the usual way was 
completely inactive. The yield was 0.6 per cent. No indications 
were obtained of any active aspartic acid. 

Glutamic acid was separated as hydrochloride. Its rotation 
indicated that no racemization had occurred. 























RorTaTION: a = + 3.92°; 1 = 2 dm.; c = 6.55. 





fal,” = + 29.99 






Phenylalanine was separated as hydrochloride. A 2 per cent 
solution was completely inactive. A yield of slightly over 1 per 
cent was obtained, or more than twice that previously recorded. 
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ANALYsIs: 0.1600 gram gave 0.3845 gram CO, and 0.0986 gram H,O. 
‘Calculated for 

Found: CesHu02N: 

| EERE ET OS Ese Eye epee Pe OE? 2 eng Ce 65.5 65.5 if 
EIN Ged UL ag gil ane ERS oP ang eae aOR pipe ; 6.7 iy 











Histidine was isolated by means of the phosphotungstate, silver 
compound and picrolonate. <A 3.5 per cent solution of the base 
dissolved in hydrochloric acid showed a doubtful rotation of —0.08° 
inaldm.tube. Racemization was evidently practically complete. 
Arginine was separated according to Kossel’s methods and was 
inactive. The picrolonate melted at 241°-242° and contained 4 
25.4 per cent N. (Theory = 25.6.) i 
Lysine and ornithine were precipitated as phosphotungstates i} 
after the removal of histidine and arginine. The bases were 
converted into picrates and recrystallized from hot water. The y 
less soluble lysine picrate was readily obtained and on decom- 
position with hydrochloric acid, gave dextrorotatory lysine di- 
hydrochloride. ° 













RoTaTION: a = + 2.60°;1 = 2dm.;c = 9.5. 






la} = + 13.7° 






Discussion of results. The foregoing experiments show that 
gelatin, when digested with dilute alkali and subsequently hydro- 
lyzed with acids, yields inactive leucine, aspartic acid, arginine, 
histidine and phenylalanine, while proline, glutamic acid and 
lysine are obtained in the optically active forms together with part 
of the alanine. It is certainly a striking fact that substances so 
closely allied as aspartic and glutamic acids or lysine and arginine 
should exhibit such diametrically opposite behavior. 

The interpretation of these results is necessarily difficult. But 
in view of the probability of racemization being due to keto-enol, 
tautomeric change taking place in alkaline solution, and since such 
racemization can only occur in amino-acid groups in which the 
carboxyl group attached to the asymmetric carbon atom is in union 4 
with other groups (see p. 358), the inference appears probable that 
none of the carboxyl groups in leucine, aspartic acid, arginine, 
histidine or phenylalanine are free in gelatin. On the other hand, 
since glutamic acid and lysine and possibly alanine are obtained in : 
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active forms, it is possible that some of their carboxyl groups may 
be free or, in other words, that they may occupy terminal positions 
in the peptide chains. On the other hand, it is possible that these 
amino-acids are rapidly liberated in the free state by the hydrolytic 
action of the alkali and so escape racemization. Further work 
will be necessary to decide this point. 

Since simple dipeptides containing a free amino group: 


R - CH—CO—NH - CHR - COOH 


NH: 


or peptides such as prolylglycine, apparently do not undergo ready 
racemization with dilute alkali it appears likely that the condi- 
tions necessary for racemization of an amino-acid group require 
the attachment of other groups to both amino and carboxyl 
radicle. 

In order to fully elucidate the mechanism of the changes involved 
in the action of dilute alkali on proteins, much additional work is 
needed and it will be necessary to make experiments with peptides 
of known structure. It would appear that the study may be of 
service in throwing some light on the relative positions of some of 
the groups in protein and peptide complexes and, in addition, may 
furnish information as to the structure of protein salts. The inves- 
tigation is being continued. 









A NEW METHOD FOR THE (COLORIMETRIC) DETER- 
MINATION OF URIC ACID IN URINE. 



























By OTTO FOLIN anp A. B. MACALLUM, Jr. 
(From the Biochemical Laboratory of the Harvard Medical School, Boston.) 


(Received for publication, October 26, 1912.) 





In a previous number of this Journal! we published a preliminary 
paper on the color produced by the action of phosphotungstic 
acid on uric acid and certain other substances and we outlined a 
method for the determination of uric acid by means of that color , 
reaction. Inasmuch as the ordinary method for preparing phos- : 
photungstic acid solutions for this reaction (boiling 20 parts of 
sodium tungstate with 10 parts of 20 per cent phosphoric acid) gave 
reagents which had little or no action on uric acid solutions, we 
began to suspect that the active ingredient was some impurity, 
variable amounts of which might be present in the sodium tungstate. 
The same impurity might have been present in molybdenum com- 
pounds since phosphomolybdic acid also gave variable and not 
very strong color reactions with uric acid. A more systematic 
investigation? soon showed that the amount of active material 
contained in the phosphotungstic and phosphomolybdic acid 
solutions was determined by the conditions under which the solu- 
tions were prepared and was particularly dependent upon the pro- 
portion of phosphoric acid used. It was further found that rea- 
gents containing phosphomolybdic acid reacted with all phenols j 
as well as with uric acid while the phosphotungstic acid reagents { 
gave the blue color only with polyphenols and with uric acid. 4 
This point of difference is of considerable importance in respect to 
a colorimetric determination of uric acid in urine. By using the 
phosphotungstic acid reagent the phenol reaction is in a large 
measure eliminated. Our “uric acid reagent” accordingly is a | 







‘This Journal, xi, p. 265, 1912. 
? Folin and Denis: this Journal, xii, p. 239, 1912. 


363 








364 Determination of Uric Acid in Urine 


phosphotungstic acid prepared by boiling 100 grams of sodium 
tungstate with 80 cc. of 85 per cent phosphoric acid and 750 ce. of 
water for a couple of hours and then diluting to 1 liter. 


Since the publication of our first paper E. Riegler has published a paper in 
the Zeitschrift fiir analytische Chemie’ in which he describes a colorimetric 
method for the determination of uric acid based on the use of phosphomo- 
lybdic acid. Although Riegler’s new method is quite different from ours, 
it would seem best to specifically call attention here to the fact that our 
first paper on the subject was published in the April number of this Journal 
and a second paper which appeared in the August number was received by 
the Editor of the Journal on June 29. Riegler’s paper appeared in the 
seventh and eighth double number of the above mentioned Zeitschrift which 
was evidently published some time in June and did not reach us until July. 
Riegler evidently has not made any particular study of the color reaction 
involved or of the conditions under which the maximum color can be ob- 
tained. He uses phosphomolybdic acid for producing the blue color, and 
the amount of color which he obtains from a given quantity of uric acid is 
evidently not nearly as deep as the color which we secure, since his standard 
color is that given by 1 mgm. of uric acid when diluted to 10 cc., while ours 
is the same amount of uric acid diluted to 100 cc. The color which we obtain 
with 1 mgm. of uric acid by means of our reagent would be too dark to trans- 
mit any light if diluted to only 10 cc. Yet unlike Riegler’s reagent, ours 
gives no color with simple phenols or with protein materials. These advan- 
tages are of course the result of our having prepared phosphotungstic acid 
reagents specifically with reference to their chromophoric value, while 
Riegler uses phosphomolybdic acid prepared for ordinary precipitating 
purposes. 


In our earlier work we precipitated the uric acid in urine by a 
modification of Salkowski’s silver method (using silver sulphate in- 
stead of nitrate because nitrates interfere with the color reaction). 
The precipitation, washing, etc., was all done in centrifugal tubes 
and the final blue solutions were then rinsed into volumetric flasks 
and made up to volume before reading off the color. 

After we had obtained a reagent which did not react with pro- 
tein materials or other monophenol derivatives we hoped to be 
able to make the color directly on the urine without any prelimi- 
nary treatment whatever. The uric acid values so obtained con- 
tinue however to be high as compared with the uric acid obtained 
by the older methods,* and we were forced to recognize the fact 


3 Zeitschr. f. anal. Chem.., li, p. 466, 1912. 
4 For exact figures indicating the errors which would come in because of 
these polyphenol derivatives, see column 4, p. 369. 





O. Folin and A. B. Macallum, Jr. 365 


pointed out long ago by Baumann that urines contain di- and poly- 
phenol acids in addition to the more abundant monophenol deriv- 
atives. Having obtained a clear idea as to the probable nature of 
the substances which were responsible for the extra color produced 
by the uric acid reagent in urine, we have now worked out a new 
method for the determination of uric acid which is materially 
simpler than the method outlined in our first paper. 

This method is described in some detail below. 

From 2 to 5 cc. of urine (the amount depending on the specific 
gravity) are measured into a 100 ce. beaker and after adding a drop 
of saturated oxalic acid solution the whole is evaporated to dry- 
ness on the water bath or over a hot iron plate or even over a free 
flame. This evaporation takes only a few minutes, but it should be 
continued until the upper parts of the beaker are dry. To the dry, 
cool residue are added 10-15 cc. of a mixture consisting of 2 parts of 
pure, dry ether (7.e., ether distilled over sodium) and 1 part of pure 
methyl alcohol. After standing for about five minutes the solu- 
tion is removed by careful decantation and another 10 cc. of the 
alcohol-ether mixture are added to the residue, allowed to settle 
and decanted. The alcohol-ether dissolves out the phenol acids 
and leaves the uric acid. 

With regard to this treatment of the evaporated urine residue 
for the removal of other substances than uric acid which give a 
blue color with the reagent, it should be said that two very slight 
sources of error are inherent in the process. In the presence of 
considerable solid residues, soluble phenol acids, as, for example, 
tannic acid, are not to be perfectly removed by the treatment 
outlined above. Nor is uric acid absolutely insoluble in the organic 
solvent under the conditions of the experiment. These two sources 
of error are however very slight indeed and as they happen to 
influence the result in opposite directions they do not appreciably 
affect the analytical results. For urine work ordinary 90 per cent 
ethyl alcohol might, as a matter of fact, be substituted for the 
ether-alcohol mixture recommended above but, since we have satis- 
fied ourselves that uric acid is rather more soluble in it than in the 
ether-alcohol mixture, we prefer the latter. 

To the washed residue in the bottom of the beaker is next added 
water (5-10 cc.) and a drop of saturated sodium carbonate solu- 
tion, and the mixture is shaken or stirred so as to secure complete 
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solution of the uric acid. To the solution is finally added, first, 
2 ec. of the uric acid reagent and then 20 cc. of saturated sodium 
carbonate solution. The resulting blue solution is transferred 
to a 100 cc. measuring flask, diluted with water up to the mark and 
the intensity of the color is determined by means of a Duboseq 
colorimeter. The standard solution for comparison is obtained 
by treating 1 mgm. of uric acid in lithium carbonate solution with 
5-10 ec. of water, 2 cc. of the uric acid reagent and 20 cc. of sodium 
carbonate solution, and the whole made up to 100 ce. in a volu- 
metric flask. : 

The urie acid reagent and carbonate solution should be added 
as nearly simultaneously as practicable to both the unknown and 
the standard because the solutions obtained deteriorate rather 
rapidly (sufficiently rapidly for example to produce an unmistak- 
able difference in color in fifteen minutes). This deterioration is 
of no consequence to the result if the solutions are made at about 
the same time, for the known and the unknown will deteriorate 
at practically the same rate. It is therefore perfectly feasible to 
make several uric acid determinations by the help of the same stand- 
ard solutions provided the uric acid reagent has been added to 
all of them at about the same time (7.e., within three to five min- 
utes). 

As stated above, the color obtained from 1 mgm. of uric acid 
is used as a standard. Unfortunately uric acid solutions do not 
keep very well though when properly made they last for about a 
week, certainly for several days. ‘To obtain such stable uric acid 
solutions it is necessary to add only just enough lithium carbonate 
to dissolve the uric acid in the course of about an hour. A 0.4 
per cent lithium carbonate solution is very convenient for the pur- 
pose. Each cubic centimeter of such a solution dissolves 10 mgm. 
of uric acid. For a standard solution we therefore weigh out 250 
mgm. of Kahlbaum’s uric acid, transfer it to a 250 cc. volumetric 
flask by means of 25-50 cc. of water, then add 25 ce. of the lithium 
carbonate solution and shake at intervals for an hour before dilut- 
ing with water. 

The preparation of such a standard uric acid solution once a 
week is not much of a task if in the course of that week a number 
of uric acid determinations are to be made. A standard solution 
which remains reliable only for a week is however far from an ideal 
standard. 
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We have devoted a great deal of time trying to find a more per- 
manent standard, for it would manifestly be a great advantage to 
have it always on hand for occasional uric acid determinations. 

Riegler adopted colored glasses for the purpose, but so far we 
have been unable to find any which are serviceable, because they 
transmit too much or too little light. We have also investigated a 
large number of substances which give blue solutions, including 
the aniline dyes, but here again they are entirely too bright to be 
satisfactory with the ordinary Duboscq colorimeter. 

We have also experimented with a large number of substances 
(polyphenol derivatives) which give the blue color with the uric 
acid reagent but curiously enough nearly all give blue solutions 
which are less bright than the blue given by uric acid, besides 
having a more greenish shade. 

It therefore seems almost hopeless to get any standard solution 
of keeping quality capable of giving exactly the same color as that 
obtained with uric acid. A good, though by no means ideal 
standard solution, was finally found in the uric acid reagent itself. 
It was found that an excess of the reagent used with a minute 
quantity of uric acid gives the same color as is obtained when an 
excess of uric acid is added to a minute quantity of the uric acid 
reagent; and as the latter seems to keep indefinitely, a part of it 
can be set aside and standardized against a known uric acid solu- 
tion and will then be found to be very serviceable for occasional 
uric acid determinations. 

When employed as a standard the uric acid reagent is used as 
follows: A small pinch (a few milligrams ) of uric acid is thrown into 
a 100 ec. measuring flask and is dissolved by the addition of 20 ce. 
of saturated sodium carbonate solution. (No attention need be 
paid to the rapidity or completeness with which the uric acid dis- 
solves.) To this solution is then added 1 cc. of the uric acid rea- 
gent or a corresponding quantity of a uric acid reagent previously 
diluted with water. The blue solution is diluted to 100 ce. and its 
color value is determined by comparison with the color given by 
1 mgm. of uric acid when treated in the usual manner with an 
excess (2 cc.) of the uric acid reagent. 

Setting the prism of the known uric acid solution at 2—mm., it 
will be found that 1 cc. of the reagent treated with an excess of 
uric acid as described will read somewhere between 9 and 12 mm. 
Suppose it reads at the latter figure; then setting it at 12 when 
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using it as a standard for the determination .of uric acid in an 
unknown solution or in urine is the same as using 1 mgm. of uric 
acid and setting the standard at 20. To illustrate: If an unknown 
urine against this new standard gave a color of the same intensity 
as the standard named, it would contain 7$ or 1.666+ mgm. of 
uric acid in the volume of urine taken for analysis; if the unknown 
read 11 mm. with the standard at 12, it would contain 7? or 1.82 
mgm. of uric acid.’ The chief drawback encountered in using the 
uric acid reagent as a standard is that the color produced fades 
more rapidly than the color produced when the reaction is made in 
the usual way with an excess of the reagent. It is therefore neces- 
sary to make the reaction as nearly simultaneously as possible 
in the unknown and in the standard and then to read the color 
promptly, 7.e., within five minutes. For each unknown to be 
determined a fresh reaction must be made with the standard. 
When a series of uric acid determinations are to be made it is 
therefore in most cases best to use uric acid rather than the uric 
acid reagent as a standard. 

The uric acid values recorded below for twenty normal urines 
show that the new colorimetric method gives substantially the 
same figures as are obtained by the Folin-Shaffer modification of 
Hopkin’s method. The figures given in the fourth column repre- 
sent the uric acid plus all other substances in urine which give a 
blue color with our uric acid reagent. As indicated in the table, 
we regard these as being chiefly polyphenols. 

Since the reaction for uric acid which is here used as a basis 
for its determination is more delicate than any other known reac- 
tion and is perfectly adaptable for quantitative work, it is clear 
that it ought to prove eminently suitable for the determination of 
such small quantities of uric acid as may exist in blood. A new 
method for the determination of uric acid in blood, based on the 
principles outlined in this paper, will be described in the next num- 


ber of this Journal. 


5 It doubtless will occur to some that it would be more convenient to dilute 
the uric acid reagent so that a suitable volume should have the same chro- 
mophoric value as the solution obtained from 1 mgm. of uric acid. There 
is however nothing to be gained by such a procedure. It is just as easy to 
set the standard somewhere between 9 and 12 as at 20. Moreover, the more 
concentrated color corresponding to 1 cc. of the uric acid reagent fades less 
rapidly than do weaker solutions. 
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Uric acid in urine (grams per liter). 


FOLIN-SHAFFER COLORIMETRIC URIC ACID AND SPECIFIC GRAVITY 
METHOD | METHOD POLYPHENOLS OF URINE 


16 0.19 26 
49 0.50. 59 
50 0.49 67 
Al 0.41 60 
49 0.49 60 
59 58 Si 
57 56 72 
41 40 54 
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41 43 
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The introduction by Wiechowski? of an accurate method for 
the determination of allantoin led very quickly to the recognition 
of that substance as a constant constituent of the urine of mammals, 
to be included with uric acid and the purine bases among the regu- 
lar products of endogenous purine metabolism. It appears practi- 
cally certain that in no mammalian urine is any one of these three 
stages in the progressive catabolism of the purine nucleus entirely 
unrepresented. As for the relative importance of each, it is found 
to vary with the species. Some animals excrete uric acid in greater 
abundance than purine bases,* while for others the reverse is true. 
In most cases the réle of these two fractions combined is greatly 
subordinate to that of allantoin. Thus in the dog‘ allantoin ac- 
counts for 93 to 97 per cent of the total purine nitrogen eliminated, ‘ 
and a ratio of the same order has been established for the cat,§ 
the rabbit,® the pig® and the coyote.’ In another group of animals, 













1 The experimental matter contained in this paper was presented in part 
at the Joint Meeting of the American Society of Biological Chemists and the 
Biological Section of the American Chemical Society, Washington, Decem- 
ber, 1911, and in part at the Eighth International Congress of Applied Chem- 
istry, New York, September, 1912. i 

2 Wiechowski: Beitr. z. chem. Physiol., xi, p. 109, 1908. 

’ This is known to be true for the horse (Schittenhelm and Bendix: Zeitschr. 
f. physiol. Chem., xviii, p. 140, 1906) and the pig (Schittenhelm and Bendix: 
loc. cit.; Schittenhelm: Zeitschr. f. physiol. Chem., lxvi, p. 53, 1910; Mendel 
and Lyman: this Journal, viii, p. 115, 1910). 

4 Wiechowski: loc. cit.; Schittenhelm: Zeiischr. f. physiol. Chem., \xii, p. 
80, 1909; Hirokawa: Biochem. Zeitschr., xxvi, p. 441, 1910. 

5 Wiechowski: loc. cit. 

6 Schittenhelm: loc. cit., 1910. 

7 Hunter and Givens: this Journal, viii, p. 449, 1910. 
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exemplified by the horse® (and as will appear, the monkey), the 
predominance of allantoin is less pronounced. One species, namely 
man, occupies in this respect an altogether exceptional position. 
Human urine is characterized by its high content of uric acid; 
bases are present in relatively small amounts; while allantoin has 
been detected in the merest traces.® 

It is natural to inquire whether the specific peculiarities thus 
manifested permit of being systematized. Particularly is one 
tempted to ask whether in this province similarities of physiological 
reaction correspond with genetic affinities and whether among the 
variations encountered it is possible to trace any evolutionary 
sequence. With the purpose of collecting data which may ulti- 
mately afford an answer to such questions we have undertaken the 
systematic examination of a number of mammalian urines not 
hitherto studied from this point of view. 

The present paper deals with one species only, but it is represen- 
tative of a group to which a special interest attaches, and it has 
been made the subject of rather more extended observation and 
experiment than lay in our original plan. The apparently unique 
behavior of the human organism suggested an early attempt to 
ascertain the character of the purine-allantoin excretion in man’s 
nearest relatives. Material from the higher apes we have not 
been fortunate enough to have at our disposal but about two years 
ago we were able to take up the problem in regard to the monkey. 
It is true that even at that time data on the subject were not alto- 
gether lacking. Wiechowski!® had examined one sample of monkey 
urine (species not stated), and had found it to contain as much as 
0.1 gram of allantoin in 100 cc.; uric acid was absent; purine bases 
were apparently not determined. To the general question in- 
volved an important contribution had also been made by Wells.” 
In a study devoted particularly to the purine enzymes of the tis- 
sues of Macacus rhesus he demonstrated that the liver of this 


8 Wiechowski: Biochem. Zeitschr., xix, p. 368, 1909. 

9 Wiechowski: loc. cit., 1909 and Biochem. Zeitschr., xxv, p. 431, 1910; 
Schittenhelm and Wiener: Zeitschr. f. physiol. Chem., \xiii, p. 283, 1909; 
Ascher: Biochem. Zeitschr., xxvi, p. 370, 1910; Fairhall and Hawk: Journ. 
Amer. Chem. Soc., xxxiv, p. 546, 1912. 

10 Wiechowski: loc. cit., 1908. 

11 Wells: this Journal, vii, p. 171, 1910. 
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monkey exhibits in vitro a high degree of uricolytic power. In 
spite of this he was unable, either by the Wiechowski method or 
by the older one of Poduschka,” to isolate allantoin from the urine 
of the animals employed. At the most its presence was rendered 
probable. Uric acid was encountered on one occasion only, and 
was then ascribed to the effects of tuberculous disease. The total 
purine excretion was exceedingly small. 

Published observations on the point specially interesting us 
were, it is seen, not only few in number but rather imperfectly 
concordant, and we felt justified in pursuing the question inde- 
pendently. In a first communication" we confirmed Wiechowski 
as to the presence of allantoin in monkey’s urine, Wells as to the 
smallness of the total purine output and both as to the normal 
absence of uric acid. But the few analyses reported were made on 
mixed samples obtained at irregular intervals from two monkeys 
of different species. They possessed therefore little more than a 
qualitative value. We have since subjected one of the animals 
to a series of quantitative studies. An abstract of our earlier 
results had already been published,‘ when a fresh contribution 
to the subject appeared from the pen of Wiechowski." In this 
he states the conclusion, fully in accord with our own observations, 
that in monkeys the principal end product of purine metabolism 
is allantoin; while he reports in addition the extremely interesting 
discovery, that this substance is absent from the urine of the chim- 
panzee. Although our program, as originally planned, is not yet 
completed, the appearance of Wiechowski’s paper leads us to ren- 
der without further delay a detailed account of some of our experi- 
ments. 


12 Poduschka: Arch. f. exp. Path., xliv, p. 59, 1900. 

18 Hunter and Givens: Proc. Amer. Soc. Biol. Chem., December, 1910, 
this Journal, ix, p. xvi, 1911. 

14 Hunter and Givens: Proc. Amer. Soc. Biol. Chem., December, 1911, 
this Journal, xi, p. xxxix, 1912. Further data, some of which also are incor- 
porated in the present paper, formed the subject of another brief communi- 
cation: see Orig. Comm. Eighth Intern. Congr. of Applied Chem., xix, p. 149, 
September, 1912. This was already in print before we became aware of the 
existence of Wiechowski’s recent article. 

146 Wiechowski: Prager med. Wochenschr., 1912, p. 275. The original paper 
is not within our reach; we quote from an abstract in Zentralbl. f. Biochem. 
u. Biophys., xiii, p. 661, September, 1912. 
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SUBJECT AND METHODS. 


The subject was an adult female “ guenon” monkey (Cercopithecus 
callitrichus),’® weighing 4.7 to 4.8 kgm., of very active habit and 
lively though uncertain temper. When under observation it was 
confined in a metabolisin cage of the ordinary type and was main- ~ 
tained upon a diet limited to milk, peanuts and bananas, with the 
occasional addition of some common salt. Water, as a separate 
item, was neither given nor apparently desired. 

We hoped at. first to be able to maintain the animal in unin- 
terrupted nitrogenous equilibrium, but the rather capricious nature 
of its appetite forced us to abandon the attempt. The diet was at 
least adequate, the body weight increased rather than dimin- 
ished during the experiments and except possibly towards the end 
of the second period of confinement the monkey was in perfect 
condition. 

The oral administration of sodium nucleate and of allantoin was 
effected by dissolving them in the minimum amount of water and 
adding the solution to the morning draught of milk. During the 
day successive portions of the milk ration were offered in the same 
polished nickel dish; quantitative ingestion of the dose was thus 
in every case assured.'’ The subcutaneous injections were made 
from an elevated burette into the loose tissue round the loins. 
They produced no perceptible local or general effects. 

The urine was collected in forty-eight-hour periods. The temper 
of the animal made the use of the catheter out of the question. 
Fortunately she could be induced to micturate at any time by trans- 
ferring her from one cage to another, and by taking advantage of 
this it was possible to delimit each period’s excretion with an error 
of less than twenty minutes. As the urine was frequently alkaline 
when passed, it was received in a flask containing acetic acid. 
Putrefaction was prevented by the liberal use of thymol. Each 
sample, as collected, was made up along with the cage washings 


16 The species was identified for us by Dr. H. D. Reed of the Department 
of Vertebrate Zoology in this University. To Dr. Reed we desire to take 
this opportunity of expressing our indebtedness for the service. 

17 On a few occasions after the administration of sodium nucleate a part 
of the last portion of milk for the day was refused. This was hydrolyzed 
with 5 per cent sulphuric acid and tested for purines by the method of Kriiger 
and Schmid. No purines were ever detected. 
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to a round volume of 1000 cc. All the analyses were commenced 
immediately. 

Uric acid and purine bases were determined in a 400 cc. portion. 
The method employed was that of Kriiger and Schmid'* with these 
variations, that the use of MnO, was omitted, that the filtrate and 
washings from uric acid (when present) were not allowed to exceed 
25 ec. and that the correction for solubility of uric acid was not 
applied. It follows that the figures under “purine bases’”’ may, in 
the reported absence of uric acid, and do, in its presence, include a 
trace of the latter. The error involved is not greater than 1 mgm. 
for each two-day period. 

Allantoin was estimated by the method of Wiechowski. Its 
application to the urine of our monkey proved to be not altogether 
a simple matter. In fact in the first form described by its author 
it yielded us no allantoin whatever. The difficulty lay, as after- 
wards appeared, partly in the small amount of allantoin actually 
excreted—-less than 0.05 gram daily—and partly in the presence 
of substances which to all the precipitants employed reacted exactly 
like allantoin itself. These obstacles were finally overcome by a 
procedure essentially the same as that employed by Wiechowski 
with human urine.!® 


Two-fifths (400 cc.) of each urine sample, acidified with sulphuric acid, 
was treated with the requisite amount (about 15 cc.) of 50 per cent phospho- 
tungstic acid. The phosphotungstates were separated on a kieselguhr 
filter.2° The filtrate was neutralized with sodium hydroxide and treated, 
after the usual routine, first with 20 per cent basic lead acetate and then with 
a saturated solution of acetate of silver. Every precipitate, especially the 
very heavy lead one, was thoroughly washed with cold water and the wash- 
ings were added to the filtrate. The final bulk of the liquid was conse- 
quently very considerable (about 1200 cc.). It was carefully neutralized 
with sodium hydroxide and subjected to a partial precipitation with 20 
per cent mercuric nitrate. 8 cc. of this reagent were all that were required 
to completely precipitate the allantoin; 5 cc. of the filtrate invariably gave 
an immediate reaction with one drop of a 0.1 per cent solution of allantoin. 





18 Kriiger and Schmid: Zeitschr. f. physiol. Chem., xlv, p. 1, 1905. 

19 Wiechowski: loc. cit., 1909. 

20 The kieselguhr filter recommended by Wiechowski was employed not 
only here, but also in filtering the very fine silver precipitate of a later stage 
of the process. It proved to be in these and many other situations exceed- 
ingly efficient for the retention of fine suspensions; but we are not without 
suspicion that its use was at least partly responsible for the ash content of 
our allantoin (see later). 
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After standing over night. the precipitate was collected, suspended in a 
little water and decomposed in the cold with hydrogen sulphide. The 
hydrogen sulphide having been expelled and the sulphide filtered off, 
the filtrate and washings were exactly neutralized and precipitated with 
Wiechowski’s mercuric acetate reagent. The allantoin solution obtained 
by the decomposition of the mercury precipitate was evaporated to dryness 
in a tared dish. The residue was carefully washed in the dish with a little 
cold water, dried at 105° and weighed. 

The product thus reckoned as allantoin consisted of practically colorless 
crystals of typical form. They melted at 231-232° and the melting point 
was not altered by admixture with pure allantoin. 

In spite of these indications of purity the nitrogen content of the crystals 
was always lower than that calculated for pure allantoin. This we ascer- 
tained to be due to the constant presence of slight mineral impurity. This 
could of course be removed by repeated recrystallization; 0.0232 gram of a 
thrice crystallized sample yielded 8.19 mgm. of nitrogen, corresponding to 
35.3 per cent; calculated, 35.4. But purification in this way was anything but 
quantitative. Fortunately the error caused by the presence of inorganic 
material was practically compensated by another which operated in the 
opposite direction. In washing the crude crystals we inevitably removed 
not only the bulk of the pigment and other easily soluble contaminations 
but also a small amount of the allantoin itself. Allantoin in fact, as we have 
repeatedly noticed, though hardly soluble in cold water when pure, is dis- 
tinctly so in the presence of the impurities by which it is here accompanied. 
That the inaccuracies thus involved in our procedure were really of no very 
great significance, we satisfied ourselves by a number of control experiments. 

In these, weighed quantities of allantoin were added to monkey urine of 
which the allantoin content had been previously determined. All analyses 
were carried out in duplicate; in one set the determinations were made gravi- 
metrically, as above described, and in the parallel one the mercury precipi- 
tates were Kjeldahled. The results of the two sets were nearly identical. 
Each liter of urine contained, to start with, 28 mgm. of allantoin nitrogen 
as weighed or 26 according to the nitrogen determination. Of added allan- 
toin there was recovered in the gravimetric series 91-97 per cent and in the 
volumetric one 89-91 per cent.”! 

In the second series of experiments reported’ below (table II) the allan- 
toin was not, as in the first, weighed after isolation but was calculated from 
the nitrogen content of the mercury precipitate. There are doubtless 
strong objections to the adoption of this as a routine procedure, but we have 
ample evidence that in the present case at least it was equivalent in its 
results to the other. This appeared in the control analyses described above. 
We have moreover many times, after weighing the washed crystals, sub- 
jected them along with the collected washings to a Kjeldahl determination. 
The following exemplify the results: 





21 Levene and Medigreceann iowa. Journ. ca Pissed... XXVii, p. 438, 1911) 
were able to recover from human urine up to 90 per cent of added allantoin, 
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CALCULATED FROM TOTAL 


LL > _ 
ALLANTOIN BY WEIGHT NITROGEN 


NUMBER OF URINE 


7 33.0 31.0 
9 32.5 34.0 


| 
indians | 

| mgm. mgm. 
i | 36.0 34.5 


Apparently the impurities precipitated with the allantoin are practically 
free from nitrogen. It will be noted, as a further confirmation of this infer- 
ence, that the ‘‘normal’’ amount of allantoin in table IT is the same as in 
table I. 


The feces, collected daily, were kept in dilute sulphuric acid 
and in combined lots, marked off by the administration of carmine, 
were analyzed for purines by the method of Kriiger and Schitten- 
helm.” 

ANALYTICAL RESULTS. 


The first series of observations made was planned to ascertain 
the normal endogenous excretion of purines and allantoin together 
with the effect of feeding nucleic acid. The monkey was main- 
tained for forty days upon a daily ration of 200 cc. of whole milk, 
200 grams of bananas and 20 grams of peanuts, calculated to 
contain about 2.09 grams of nitrogen and 418 calories. The urine 
analyses for the first twelve days were incomplete. The record 
for the remaining twenty-eight is reproduced in Table I. 

The experiments of Table I were followed by a period of six 
weeks’ liberty, during which the monkey enjoyed a fairly promiscu- 
ous diet. After being returned to the cage it was placed upon the 
slightly altered allowance of 150 cc. of milk, 150 grams of bananas 
and 25 grams of peanuts, equivalent to about 1.91 grams of nitrogen 
and 363 calories. ‘Table II exhibits the results obtained during 
fifty-eight days under this régime. Besides a preliminary normal 
period of two weeks, there are included two more experiments with 
nucleic acid and a series upon the enteral and parenteral adminis- 
tration of allantoin. 


The excretion of endogenous purines and allantoin. 


In Table I there occur nine two-day periods and in Table II 
twenty-one, upon which no foreign substance was administered. 


22 Kriiger and Schittenhelm: Zeitschr. f. physiol. Chem., xlv, p. 14, 1905. 
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In two of these (numbers 38 and 41) the effect of feeding sodium 
nucleate during the preceding forty-eight hours may still be traced. 
For five others the record is imperfect. There remain twenty- 
three ‘‘normal” periods, which, since the regular diet could have 
contained no appreciable quantity either of purines or of allan- 
toin, may be taken to represent the endogenous excretion of the 
substances we are considering. 


TABLE I. 


GRAMS NITROGEN IN 48 HOURS | ALLANTOIN 
2 | NIN PER 
Total CENT OF TO- 
| Allan- Uric | Purine! purine-|TaL PURINE- 
toin | acid | bases — | ALLANTOIN 
! 


| toin N } a; N 


REMARKS 
Total 


PERIOD 


3.59. none | 0.009 
3.81. 0. 031 none | 0. 009 0. 040, 78 
3.64 0.031 none | 
*3.09 0.045 none | 0. 009 0. 054 83 0.5 gram sodium nucleate 
per os. 





nN 


w= CO 


on 


3.18 0.027 sia | 0.008 0.035 77 
3.59 | 0.047 trace 0.007 0.054 87 | 0.5 gram sodium nucleate 
per os. 


oO 


*3.41 0.029 none | 0.010 0.039 74 
*3.28 | 0.056 none | 0.010, 0.066 85 1.0 gram sodium nucleate 


| per os. 
.28 0.029 none 0.009 0.038 76 
.56 0.043 none! 0.013 0.056) 77 1.0 gram sodium nucleate 
| 

per os. 





11 3.44 | 0.032 none | 0.010 0.042 76 

12 3.78  0.065.0.004! 0.011 0.080 81 | 2.0 gram sodium nucleate 
| | | | | per 08. | 

13 | 3.43 0.029 none| 0.012 0.041) 71 

14 | 3.52 0.029 none! 0.010 0. 039 74 








° Rations: not entirely nny 


The average excretion of purine nitrogen by the feces was: for periods 
1-3, 0.029; 4-6, 0.028; 7-10, 0.022; and 11-14, 0.025 gram. 


The total purine-allantoin output for these periods is a nearly 
constant quantity. Expressed in terms of nitrogen, it lies on all 
but five occasions between the narrow limits of 38 and 42 mgm. 
and it has an average value over all of 39, or, in twenty-four hours, 
19.5mgm. This is a little more than 1 per cent of the total nitro- 
gen excretion. The endogenous purine metabolism of the monkey 
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TABLE II. 





GRAMS NITROGEN IN 48 HOURS ALLANTOIN 
N IN PER 
Total cENT OF TO- ' 














S| tot | dito | Seca  . 

4 toin N N 

15 3.39 | _none , 0.010 

16 3.50 0.030 | none; 0.010 0.040 73 

17 | 3.60 0.027 | none! 0.011) 0.038 71 | | 

18 | 3.47 0.030 none | 0.011, 0.041 73 CO 

19 | 3.64 0.030 | none 0.011) 0.041 73 | ' 

20 3.74 0.031 | none) 0.011) 0.042 74 . 

21 *3.29 0.030 | none’ 0.010 0.040 75 ; 

22 *3.30 0.028 | none 0.011) 0.0389 72 | 0.1295 gram allantoin 
| | per os. 

23 3.44) 0.029 | none’ 0.011| 0.040 73 | 

24 3.52, 0.042 | none 0.010 0.052 81 0.2765 gram allantoin 






per os. 


25 3.51 0.028 | none 0.012 0.040 70 | 
26 3.71 0.050 | none’ 0.012 0.062 81 0.2718 gram allantoin 
| per os. 





27 *3.45 0.027 | none, 0.010 0.037 oe 
28 *3.37 0.089 | none; 0.010 0.099 90 | 0.1988 gram allantoin 
| subcutaneously. 
29 *3.15 0.024 none 0.009 0.033 73 
30! 3.41 0.029 none 0.007, 0.036 81 
31 *3.28| 0.054 | none 0.011 0.065 83 0.0946 gram allantoin 
subcutaneously. 
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32 *3.15 | 0.029 | none} 0.012 0.041 71 
33 *3.50 0.025 | none 0.014 0.039 64 | 
34 *3.42| 0.054 | none 0.013 0.067 81 | 0.0963 gram allantoin 


| 
| 
| 





subcutaneously. 






35 *2.89| 0.027 | none; 0.012 0.039 69 

36 *2.69 0.026 | none 0.012 0.0388 68 Diarrhoea. 

37 *3.53 0.035 |0.004| 0.011 0.050 70 2.0 grams sodium nu- 
| | | cleate per os. 
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| } | 
38 *3.42 0.024 | trace} 0.012 0.036 67 
39 | 3.60; 0.020 | none}.0.010 0.030 67 | 
40 | 3.75 | 0.045 |0.004| 0.013 0.062 73 | 2.0 grams sodium nu- 
| cleate per os. 
41 *3.40 | 0.025 |0.001| 0.012 0.038 66 
42 *3.20 70.019) | none} 0.014 | 






















° Rations not entirely consumed. 
t The allantoin determination of this period was lost. The figure given was obtained on 


period 43. 
Average excretion of purine nitrogen by the feces: for periods 15-21, 0.014; 


22-36, 0.011; 37-42, 0.011 gram. 
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is evidently pitched upon a comparatively low level. It happens 
that we can compare our subject in this respect with a dog of 
identical weight (4.7 kgm.) ; this animal, as reported by Hirokawa,” 
on a diet all but free from purines and excreting 1.64 grams of 
total urinary nitrogen, eliminated daily 0.159 gram of purine + 
allantoin nitrogen. This is eight times as much as the monkey. 

Uric acid could be detected in none of the “normal” urines; if 
this does not positively prove its absence, it shows at least that 
any quantity actually eliminated must have been excessively 
minute. 

Purine bases on the other hand are excreted regularly in rela- 
tively considerable amount. The nitrogen present in this form 
varies between 7 and 14 mgm. Each extreme is an exceptional 
figure; on the whole the purine base excretion exhibits great regular- 
ity, seventeen of our twenty-three normal values lying between 
10 and 12 mgm. The average of all is 10.5 (daily, 5.25) mgm. of 
nitrogen. The monkey, it appears, is one of the few animals 
known to excrete purine bases in greater quantity than uric acid. 

For endogenous allantoin the lowest nitrogen value recorded is 
20 mgm., the highest, 32. Here again a much greater approach 
to constancy is made than these isolated figures would indicate. 
There is reason to believe that the minimum (period 39) was 
reached as an indirect result of previous feeding with sodium nucle- 
ate; tae two nearest to it are 24 and 25 (periods 29 and 33), and 
even these are in all probability similarly related to the allantoin 
injections.* Be this as it may, there are eighteen periods for 
which the allantoin nitrogen falls between 27 and 31 mgm. The 
average of the whole twenty-three is 28. If for the reasons stated 
we neglect the three lowest, the average is 29. This means a daily 
excretion of 14.5, the equivalent of 0.041 gram of allantoin. 

These perfectly consistent results confirm and are confirmed by 
the reports of Wiechowski upon what were doubtless other species 
of monkey. They are entirely in line with the demonstration by 
Wells of the uricolytic capacity of the Macacus liver. They 
afford no evidence whatever of an approach to the human type. 
From the point of view of endogenous purine metabolism, the 
monkey decidedly ranks with the lower mammals. Yet the urin- 


23 Hirokawa: loc. cit. 
24 See the second last paragraph of this paper. 
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ary picture presents peculiarities. A reference to the seventh 
column of Tables I and IT shows that the share taken by allantoin 
in the sum of purine derivatives is not precisely that which is typical 
of the majority of animals. The figure expressing it—what we 
may call the “allantoin ratio”—may in “normal” periods be as low 
as 64 or as high as 81 per cent but it generally remains somewhere 
between 70 and 78. It never attains the high values recorded for 
species so divergent as the dog and the pig. On the average only 
73 per cent of the total nitrogen of endogenous purine origin takes 
the form of allantoin; as much as 27 per cent is left for the purine 
fraction. This state of affairs resembles the condition found by 
Wiechowski to be characteristic for the horse; here the “allantoin 
ratio”’ was in one case 50, in another 79.% Curiously enough the 
urine of this animal presents another similarity to the monkey’s 
in the great preponderance of purine bases over uric acid. Accord- 
ing to a few analyses of sheep’s. urine made in this laboratory— 
upon which, however, we do not at present place too much reli- 
ance**—the “allantoin ratio” of this animal also is rather low while 
its purine fraction is about equally divided between the bases and 
uric acid. A full explanation of these interesting relations is not 
yet possible. 


















The fate of sodium nucleate and allantoin in the organism 
of the monkey. 





We have thus far taken for granted that in the purine metab- 
olism of our monkey no other products actually arise than those 
considered. It seemed to us desirable to test the validity of this 
assumption. The widely held conviction that man, in regard to 
this very point, offers a notable contrast to the lower mammals, 
would add a special interest to the outcome of such a test. In 
pursuance of this idea we attempted, in the first place, to ascertain 
the fate of sodium nucleate administered by the mouth. 














26 Wiechowski: loc. cit., 1909. Wiechowski did not determine the purine 
base content of his horse urines. If this were as high as Schittenhelm and 
Bendix (loc. cit.) found it in other samples, the allantoin ratio in our sense 
would be lower still. 

26 They were made upon the urine of thyroidectomized sheep, and may 
therefore represent ratios that are pathological. They will be published 
later in another connection. 
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The sodium nucleate used was obtained from Merck. It contained in the 
air-dried state 13.99 per cent of nitrogen. Its purine content was deter- 
mined by twice repeated precipitation with copper sulphate and sodium 
bisulphite after hydrolysis with 3 per cent sulphuric acid; duplicate analyses 
gave 8.67 and 8.69, average, 8.68 per cent of purine nitrogen. 

The quantity administered was so chosen as to be not altogether out of 
proportion with the extent of the endogenous metabolism. The smallest 
dose contained rather less purine-ring nitrogen than the combined allantoin 
and purines of the normal urine and the largest not four times this amount. 
Bigger ones, it was feared, might by bringing about of themselves an abnor- 
mal condition defeat the very object of their administration. Certain 
experiments of Hirokawa, in which the natural relation between uric acid 
and allantoin was altered by repeated administration of sodium nucleate,?’ 
afford evidence that this is a consideration to be borne in mind. Indeed 
our own maximal dose, small as it was in comparison, was not always with- 
out perceptible after-effect upon the regular endogenous metabolism.?* 


In Tables I and II there are recorded seven experiments with 
sodium nucleate. Inspection of the data for fecal purines makes 
it almost certain that absorption was in every case complete. An 
increase of urinary allantoin follows every dose. After the larger 
ones uric acid also is excreted in measurable amounts. An effect 
upon the purine bases might, to judge from their share in the endog- 
enous excretion, have reasonably been expected but none is with 
certainty discernible; a slight rise in this fraction does sometimes 
(periods 10 and 40) take place but at other times there is a fall and 
the rise is paralleled on other occasions (for example 33 and 42) 
quite unconnected with nucleate feeding. The net result upon the 
“allantoin ratio” is to raise it somewhat above its earlier level. 
Forty-eight hours generally suffices for the complete elimination of 
the catabolic products. But on two occasions (38 and 41) the excre- 
tion of uric acid undoubtedly stretched into the succeeding period, 
and one may with probability assume that a portion of the allan- 
toin accompanying it was likewise derived from the exogenous 
source. This indicates for the monkey, as compared with the dog, 
a rather slow rate either of absorption or of elimination. 

The experiments, as was to be expected, reveal allantoin as an 
important product of the exogenous as well as the endogenous 
metabolism of purines. They yield in addition positive evidence 
of the appearance of uric acid as its precursor. In their quantita- 


27 Hirokawa: loc. cit. 
8 This is discussed in the last paragraph but one of the paper. 
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tive aspects they are not so satisfactory. In Table III the results 
are so arranged as to show what fraction of the purine nitrogen fed 
was actually accounted for. 





—— ae 







As the norm from which to estimate the actual increase of allantoin in 
any given experiment we have taken the mean between the output of the 
period immediately preceding and that of the earliest subsequent period in 
which no exogenous excretion is detectable. (The latter, as we have noted, 
is generally the period immediately after the experimenta! one but some- 
times the next again.) The intake is measured as four-fifths of the total 
purine nitrogen administered, that fraction only being contained in the 
purine ring and available for transformation into uric acid or allantoin. 
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We recover, in ascertained combinations, with small doses about 
half,?® sometimes as little as an eighth with larger ones, and as the 
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TABLE III. 
MGM. OF NITROGEN RECOVERED | 
PURINE-RiNG _ PERCENTAGE 
PERIOD N ° j » om 
| FED , ECOVE 
lis As uric acid | As allantoin Total & ae 









35 0 16 16 46 
6 35 trace 19 19 54 ; 















30 35 25 






8 70 0 27 ia eee 
10 70 0 12 12 17 
12 140 4 35 39 28 
37 140 4 13 17 12 i 
40 140 5 





average of all only 32 per cent. In face of the almost certainly ; 
complete absorption of the nucleate, how is the deficit to be ex- 
plained? Perhaps the first possibility that suggests itself is that 
allantoin may be no end product, but liable itself to catabolic 
changes. It is true that metabolic processes do not often exhibit 
the irregularity that would then seem to characterize the destruc- 
tion of allantoin. Nevertheless we felt bound to submit the possi- 
bility to the test of experiment. On three occasions allantoin was 
administered by mouth, on three others, by subcutaneous injection. 
The same principles as before were applied to the selection of doses 

















29 In an earlier report already referred to (Hunter and Givens: loc. cit., 
1912) we alleged a recovery, after the.first dose, of 90 per cent; this state: 
ment involved, as we have since discovered, a gross error in calculation. 
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and to the interpretation of the data obtained. The results are 
brought together in Table IV. 

Between the two sets of allantoin experiments with their almost 
directly contradictory results we have no hesitation in selecting 
the injections as the decisive ones. In these alone are we absolutely 
certain that the substance entered unaltered into the organism; 


_ and it is the fate of allantoin within the organism, and that only, 


that concerns us. It has been objected to the parenteral modes 
of administration that they may induce disturbances of general 
metabolism so profound as to obscure the true interpretation of 
results.°° The objection is doubtless in many cases sufficiently 
well grounded, but in the present one no greater disturbance was 
noticed than might have been produced by the injection of so 


TABLE IV. 

M{LLIGRAMS ALLANTOIN N 

PERCENTAGE 

PERIOD METHOD . 
Administered Recovered RECOVERY 

22 oral 45.8 0 0 
24 oral 98.0 13 13 
26 oral 96.3 22 22 
28 subcutaneous 70.4 63 90 
31 subcutaneous 33.5 25 75 
34 28 82 


subcutaneous 24.1 : 
much water. The feeding experiments on the other hand are 
attended by numerous uncertainties. The warmth and alkaline 
reaction of the intestinal contents are of themselves likely, accord- 
ing to Wiechowski,* to bring about the rapid destruction of allan- 
toin. Add to this the slight solubility of the substance and the 
possible action of bacteria, and it would not be at all surprising if 
none of the first small dose we gave had ever reached the blood 
stream. It is to such factors that we incline at present to attribute 
the poor recovery of ingested allantoin. 

However this may be, the results of the injection experiments 
are perfectly definite. Small doses of allantoin, subcutaneously 
introduced, are recoverable from the urine of the next forty-eight 


30 Cf. Schittenhelm: loc. cit., 1909. 
31 Wiechowski: loc. cit., 1910. 
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hours almost as completely as if they had been directly dissolved 
therein. It seems impossible to escape from the conclusion that, 
if the monkey tissues possess any capacity at all for the destruc- 
tion of allantoin, it is so poorly developed as to have but little 
practical significance. 








Sedieieedtience tar ohee st eee 






The results of our allantoin experiments with the monkey are paralleled 
by those reported upon other species. After ingestion there have been 
recovered widely varying, often very low, proportions: in the dog, 70 (Min- 
kowski*), 90 (Poduschka**) and 31 per cent (Levene and Medigreceanu*) ; 
in the pig, nearly 100 (Schittenhelm®); in man, 17 (Minkowski**), 30-50 
(Poduschka*’), 34 (Wiechowski**) and 30-38 per cent (Schittenhelm and Wie- 
ner), Subcutaneous administration has been seldom employed: once 
by Schittenhelm*” on the pig with quantitative recovery and thrice by / 
Wiechowski*! on man with yields up to 88 per cent." 










Most writers are in fact at one in regarding allantoin as a 
terminal and not merely an intermediary product of metabolism. 
Our contribution to the question serves but to emphasize the cor- 
rectness of this view. To explain the deficit of our sodium nucle- 
ate experiments we must look then to other factors than allantoin 
destruction. What these actually are, it is as yet impossible to 
say. But there are certain considerations, which appear to us to 
suggest the direction in which they are to be sought. 

There is among recent investigators a pretty general agreement 
that, when nucleic acid is fed to an animal like the dog, its constit- . 
uent purines can be quantitatively accounted for (or nearly so) by . 
the excess of allantoin, uric acid and bases eliminated during the 











32 Minkowski: Arch. f. exp. Path., xli, p. 375, 1898. 
33 Poduschka: loc. cit. 

34 Levene and Medigreceanu: loc. cit. 

35 Schittenhelm: loc. cit., 1910. 

36 Minkowski: loc. cit. 

37 Poduschka: loc. cit. 
38 Wiechowski: Arch. f. exp. Path., |x, p. 185, 1909. ) 
39 Schittenhelm and Wiener: loc. cit. 

49 Schittenhelm: loc. cit., 1910. 

“1 Wiechowski: Arch. f. exp. Path., |x, p. 185, 1909. 

42 Schittenhelm and Seisser (Zeitschr. f. exp. Path., vii, p. 116, 1909) 

injected allantoin intravenously into the rabbit. Only an abstract of their 

paper is available (Biochem. Zentralbl., ix, p. 746) and the quantitative de- e 

tails are not there given. The above list includes, we believe, all other ex- 

periments in which the recovery was quantitatively determined. 
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next twenty-four hours. Schittenhelm,* for example, reports 
recoveries of 88-102, Hirokawa,“ of 72-88 per cent. We may 
therefore take it as demonstrated that in the dog no other products 
of purine catabolism need be looked for. It appears at least 
equally well established that man, after the ingestion and un- 
doubted absorption of nucleate of sodium, excretes as uric acid 
only a fraction (according to the particularly careful experiments 
of Frank and Schittenhelm* from 5 to 41 per cent) of the purine 
intake; while no perceptible increase of the insignificant allantoin 
output assists in making good the deficit.“ 

A vehement controversy centers round the explanation of this 
difference in behavior. According to what is probably at present 
the prevailing view,*’ uric acid is in man, as much as in the lower 
animals, an intermediary product only; and its destruction is 
accomplished in his case by a peculiar type of uricolysis leading 
not to or even through allantoin, but, by steps not yet elucidated, 
to urea. Another school of opinion denies to human tissues every 
kind of uricolytic power; regards uric acid therefore as a terminal 
product; and attributes the observed deficit after nucleate feeding 
to destruction of the purine ring before absorption.*® 

We do not propose to enter here into the merits of this contro- 
versy. What is of interest to us is that in response to the enteral 
administration of sodium nucleate the monkey reacted, not like 
the animal with which its high allantoin excretion would associate 
it, but like man. It is hardly likely that we are dealing here with 
two unrelated processes leading to the same exceptional result. 
It may be assumed with greater probability that that theory of 
the fate of ingested nucleic acid which is ultimately found to hold 
good for the human animal will equally fit the monkey. If the 
experimental facts require us to postulate for the former a partic- 
ular kind of uricolytic enzyme, that enzyme is probably active in 
the latter also. We should be led, then, to the unexpected con- 


48 Schittenhelm: loc. cit., 1909. 

44 Hirokawa: loc cit. 

4 Frank and Schittenhelm: Zeitschr. f. physiol. Chem., \xiii, p. 269, 1909. 

46 Schittenhelm and Wiener: loc. cit. 

47 Cf. Brugsch and Schittenhelm: Der Nucleinstoffwechsel, Jena, 1910, 
pp. 41-45, where the literature of the controversy will be found. 

48 See the papers of Wiechowski already cited; also Sivén: Arch. f. d. ges. 
Physiol., exlv, p. 283, 1912. 
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clusion that the monkey disposes of intermediary purines by two 
independent mechanisms: the one peculiar to the lower mammals 
and leading to allantoin, the other ending in urea and encountered 
in no other species save man. This, if true, would be a striking 
illustration of the monkey’s philogenetic relations, but it hardly 
bears the stamp of probability. It is easier to believe that the 
undeniable destruction of purine nuclei, which we observed, was 
really accomplished in the monkey’s intestine before absorption 
had taken place. If this happens in the monkey’s intestine, it 
may also happen in man’s; and while our experiments have no 
direct bearing on the problems of human metabolism, we think that 
they afford some indirect evidence against the assumption of an 
extensive uricolysis in the human organism. 

One curious circumstance deserves perhaps more particular 
notice than we have yet bestowed upon it. If the data of Table I 
be reviewed, it will be observed that in no case there recorded 
does the administration of sodium nucleate produce any effect 
other than the immediate one of an increase in the total purine 
metabolism.*® There is after every dose a prompt return to the 
same “normal” level of allantoin excretion. It is otherwise with 
the experiments of Table II. Here may be noted from period 27 
onwards an almost uninterrupted sinking of the “normal”’ figures 
for allantoin. Each rise of the output, whether resulting from allan- 
toin injection or from nucleate feeding, is followed, more or less 
immediately, by a fall below the previous standard. Most strik- 
ing are the drop from 27 to 24 mgm. after the first allantoin injec- 
tion, from 29 to 25 after the second and from 26 to 20 after the first 
dose of nucleate. The summation of these effects brings the allan- 
toin nitrogen finally down to two-thirds of its original value. This 
phenomenon, in relation at least to nucleate feeding, has already 
been noticed by Schittenhelm in experiments upon the dog and the 
pig.*° Our observation, that it may follow simple allantoin injec- 
tions, suggests that in both cases it is the temporary excess of cir- 


49 It may be worth recording that we determined regularly during this 
series the excretion of ammonia and creatinine and that these exhibited no 
single departure from a very narrow range of values; the ammonia nitrogen 
varied between 0.039 and 0.049 gram, creatinine nitrogen between 0.123 and 
0.134, nucleate administration having no perceptible effect upon either. 

5° Schittenhelm: loc. cit., 1909 and 1910. 
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culating allantoin that in some way is responsible. But the same 
remarkable after-effect has been seen to follow the administration 
of histidine hydrochloride, which has no relation at all to the pro- 
duction of allantoin.£' The exact significance of the lowered out- 
put remains obscure. It was not accompanied in the monkey by 
any uniform variation of the purine base excretion. 


SUMMARY. 


In the urine of the guenon monkey (Cercopithecus) allantoin 


~ accounts for about 73 per cent of the nitrogen arising from the 


catabolism of endogenous purines. The remainder appears princi- 
pally as purine bases, uric acid being practically absent when the 
diet is purine-free. The allantoin is a true end product. When 
purines are ingested in the form of sodium nucleate, the allantoin 
output is increased and uric acid may appear as an intermediate 
product. Only 12 to 54 per cent of the total purine intake is 
thus accounted for. The deficit is probably the result of decompo- 
sition prior to absorption. There is no evidence in this monkey of 
an approach to the human type of nuclein metabolism. 


(Experiments upon the fate of individual purines in the monkey 
organism are now in progress, and will be reported upon in a later 
communication. ) 


51 See Abderhalden and Einbeck: Zeitschr. f. physiol. Chem., \xii, p. 322, 
1909; and Abderhalden, Einbeck and Schmid: ibid., Ixviti, p. 395, 1910. 














ABSORPTION FROM THE STOMACH—A REPLY TO 
LONDON. 


By OTTO FOLIN anp HENRY LYMAN. 
(From the Biochemical Laboratory of the Harvard Medical School.) 


(Received for publication, November 12, 1912.) 


In our communication on Absorption from the Stomach! we 
gave figures which in our judgment leave no room for doubt con- 
cerning the absorption of protein digestion products from the 
stomach. To E. 8. London our results are evidently not at all 
convincing and in a recent number of the Zettschrift fiir physio- 
logische Chemie? he has endeavored to make clear several reasons 
why our results are inconclusive. In view of the great amount of 
interesting experimental work done by London and his associates 
on the subject of absorption (by methods entirely different from 
ours) it is not at all strange that he should be unable to accept our 
conclusion, diametrically opposite as it is to the conclusion reached 
by himself. 

The three main points raised by London against our work are 
briefly discussed below. 

1. The increase in the non-protein nitrogen of the blood during 
our absorption experiments might be due to absorption from the 
intestinal tract of our fasting animals. 

This is to us an interesting argument in view of the fact that it 
heretofore has been practically impossible to demonstrate any 
increase in the non-protein nitrogen of the blood as a result even 
of carefully planned absorption experiments with the intestine. 
As a matter of fact the absorption which we obtained from the 
stomach is more rapid than any absorption from the small in- 
testine which we have observed as a result of ordinary feeding 


‘This Journal, xii, p. 259. 
* Zeitschr. f. physiol. Chem., \xxxi, p. 283, 1912. 
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Numerous experiments made in this laboratory have moreover 
shown that unless there is in the intestine a fair amount of material 
suitable for absorption, the non-protein nitrogen of the blood 
remains just about stationary during the short periods covered by 
our experiments. Some such experiments made for other purposes 
have already been recorded. See, for example, the two creatinine 
experiments® and the experiment on the absorption of tyrosine,‘ 
in all of which virtually no increase in the non-protein nitrogen 
of the blood was obtained. 

We would further call attention to the fact that urea is particu- 
larly rapidly absorbed from the stomach.* London will have to 
concede that the accumulation of urea in the blood accompanying 
the disappearance of urea from the stomach can be due only to 
the absorption of urea from the stomach. And having conceded 
this, there is, so far as we can see, no reason why the absorption of 
glycocoll, etc., should be less readily conceded. 

2. To London it seems strange that we should affirm that some- 
thing was absorbed from -Witte’s peptone in the stomach, when we 
obtained only 40 mgm. of non-protein nitrogen per 100 cc. of blood, 
yet find no absorption of creatinine, although in one. creatinine 
experiment the corresponding figure for the non-protein nitrogen 
of the blood was 53 mgm. 

The amount of the initial non-protein nitrogen in the blood 
is determined by the previous condition of the animal. It is only 
the increase during the absorption experiment which proves any- 
thing. In the creatinine experiment referred to® the non-protein 
nitrogen rose from 52 to 52 mgm., i.e., nothing in ninety minutes. 
In the peptone experiment on the other hand the corresponding 
figure rose from 34 to 40 during the same length of time. 

3. London finally falls back on the vague and all too common 
argument that the facts observed have anyhow no bearing on what 
happens normally. Because dogs die in the course of a few days 
when the pylorus is closed by means of a ligature, London would 
insist that the absorption from the stomach of cats obtained in 
the course of a few minutes after the application of such a ligature 


* This Journal, xii, p. 262-3. 
4 [bid., xii, p. 147-8. 

5 Ibid., xii, p. 263. 

6 Jbid., xii, p. 263. 
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is to be explained as a pathological rather than as a physiological 
phenomenon, We are disposed not to argue over this point but 
would only remark that a similar view can then be advanced against 
almost every experiment with animals, to say nothing of experi- 
ments of every description with isolated organs. 

It should be noted that London’s results stand in a measure 
alone. Tabler,’? Salaskin,? Cohnheim,* Schewnert,!® and Lang" 
all have reached the conclusion that nitrogenous products dis- 
appear from the stomach through direct absorption. Taken in 
conjunction with the results of all these investigators ours might be 
regarded as only a verification (by a more direct method) which 
at the same time proves that the nitrogenous products absorbed 
from the stomach reach the circulation in non-protein form. 

Finally we wish to thank London for his courtesy in sending 
us an advance copy of his note on our work and to express our 
regret that he just now (as he has privately informed us) will be 
unable to publish further experimental work on the problem. As 
we indicated in our original paper” London’s experimental results 
are not necessarily inconsistent with ours. His absorptions may 
have been hidden by excessive secretions into the stomach of vari- 
ous kinds of nitrogenous materials, while in our experiments (which 
anyhow were of relatively short duration) sych secretion could not 
hide the accumulations in the blood. 


7 Zeitschr. f. physiol. Chem., xlv, p. 185, 1905. 
8 Tbid., lii, p. 167, 1907. 

9 Tbid., lviii, p. 64, 1908. 

10 Tbid., li, p. 5385, 1907. 

11 Biochem. Zeitschr., ii, p. 225, 1906. 

2 This Journal, xii, p. 264. 
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ANNOUNCEMENT. 


The Directors of the Journal of Biological Chemistry take pleas- 
ure in announcing that beginning with the February issue of 1913 
(Volume XIV, No. 1) the subscription price of the Journal to 
domestic subscribers will be reduced from $4.00 to $3.00 per 
volume; to foreign subscribers, $3.25. 

Announcement is further made of the following offers, made 
possible by the existence of the Christian A. Herter Memorial 
Fund. 

1. Individuals known to be engaged in biochemical work who 
subscribe to the Journal at the usual rates beginning with Volume 
XIV, may secure Volumes I—XIII for the sum of $20.00, plus cost 
of transportation. The price at which a complete set has hitherto 
been sold is $50.00 Applications for these volumes under the 
terms of this offer should be sent directly to the Secretary, Journal 
of Biological Chemistry, Philadelphia, Pa., and should be accom- 
panied by such information concerning the work and occupation 
of the applicant as will enable the Directors to decide whether 
he may properly be included within the intention of the offer. 

2. Individuals or Institutions who are already subscribers to the 
Journal and who wish to complete their files may secure early 
volumes for $1.50 each, plus cost of transportation, while the 
supply of back numbers reserved for this purpose remains unex- 
hausted. ~ 

The Directors of the Journal specifically reserve the right to 
carry out the distribution of the Journal under the terms of these 
offers within their discretion and to withdraw the offers without 
notice when the limited number of volumes available shall be 
exhausted. 

It is wholly improbable that either of these offers can ever be 
repeated. 

A. N. RIcHARDs, 
Secretary. 
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ON THE INTENSITY OF URINARY ACIDITY IN NORMAL 
AND PATHOLOGICAL CONDITIONS. 


By LAWRENCE J. HENDERSON anp WALTER W. PALMER.! 
(From the Chemical Laboratory, Massachusetts General Hospital.) 


(Received for publication, November 2, 1912.) 


The researches of v. Réhrer, Héber and one of us? have shown 
that both normally and pathologically the true acidity (concen- 
tration of ionized hydrogen) in human urine is subject to con- 
siderable inconstancy. On the whole the variation is such as is 
characteristic of a solution containing phosphoric acid and base 
in which the latter ranges from that amount required to form 
monosodium phosphate to nearly that amount required to form 
disodium phosphate; and such fluctuation in the urinary phosphates 
is in fact the principal cause of the varying acidity, both ‘actual’ 
and “potential.” ° 

This definite information might well suffice in the circumstances 
were it not for the fact that the intensity of urinary acidity is, 
among several, the most immediate indication of the magnitude of 
a process which constitutes one of the fundamental regulating 
activities of the organism: the carefully balanced excretion of 
acid whereby the neutrality of the body is preserved. Accord- 
ingly precise and numerous data of urinary acidity, both normally 
and pathologically, appear to be desirable. Fortunately the 
researches of S6rensen make this task an easy one. His researches 
have made possible the convenient use of a considerable variety 
of indicators‘ and provided ingenious and convenient refinements 


1 Henry P. Walcott Fellow in Clinical Medicine, Harvard Medical School. 

2 Pfliiger’s Archiv, |xxxvi, p. 586, 1901; Beitr. z. chem. Physiol., iii, p. 525, 
1903; Biochem. Zeitschr., xxiv, p. 40, 1910. 

LL. J. Henderson: this Journal, ix, p. 403, 1911. 

‘See numerous papers in Comptes rendus des travaux du Laboratoire de 
Carlsberg. 
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394 Intensity of Urinary Acidity 


which enhance their accuracy. Our investigations, recorded in 
this paper, yield a confirmation, if such be necessary, of the relia- 
bility of these methods. 

We have as before estimated the urinary reaction after the addi- 
tion of indicators by matching colors of urinary samples with 
those of standard solutions of known reaction. The standard 
solutions were made up as follows: 


TABLE I. 


NO. NaHoPO« NasHPO, INDICATOR 





0.0001LN 0.0480N | 8.7 Phenolphthalein. 
0.000IN | 0.0120N_ 8.0 ) 
0.0166N  0.0833N_ 7.48 | 
0.0010N 0.0060N__ 7.38 | 
0.0010N  0.0023N | 6.90 


CH;COOH CH;COONa« 
7 0.0009n  0.0920N | 6.70 | 
8  0.0023n | 0.0920N | 6.30 | 
9 0.0046n  0.0920n | 6.00. 
10' 0.0092n 0.0920N | 5.70 ee 
11| 0.0230n —-0.0920Nn | 5.30 
12, 0.0460N 0.0920N | 4.90 | | Methyl red. 
13 0.0920n | 0.0920N | 4.70) 


Neutral red. 


Oo ke Wh = 


Sodium alizarine 
sulphonate. 











In recording hydrogen ion concentration it appears to be both 
rational and convenient in the present case to use logarithmic 
notation as employed by Sérensen and others, rather than to 
record the actual concentrations, because the significant variation 
is in the logarithm of the numbers which represent the quantity 


+ 
(H). ‘All such logarithms are of course negative and for conveni- 
ence the minus sign is omitted. The following table presents the 
conversion of the logarithmic notation into actual concentrations 
of ionized hydrogen. 

Our first care was to make a more detailed study of the effect 
of dilution of the urine upon its reaction and to see if a variety of 
indicators yielded concordant results. It soon appeared that the 
reaction of undiluted urine could be readily estimated by employ- 
ing colored standard solutions (Sérensen’s method). The varying 
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TABLE II. 

ares - Los. 7 

4.6 250 X 10-7 6.4 4.0 xX 107’ 
4.8 160 < 10-7 6.6 2.5 X 107’ 
5.0 100 X 10-7 6.8 1.6 x 10-7 
5.2 | 63 X 10-7 7.0 1.0 x 10-7 
5.4 40 < 10-7 7.2 0.63 * 10-7 
5.6 25 x 10-7 7.4 0.40 x 10-7 
5.8 16 x 10-7 7.6 0.25 x 10-7 
6.0 10 x 10-7 7.8 0.16 K 10-7 
6.2 6.3 X 10-7 8.0 0.10 x 1077 


colors of urine are as a rule easily reproduced in standard solutions 
with all desirable accuracy by the addition of p-nitrophenol, 
methyl orange, alizarine sulphonate or bismark brown. There- 
after the substance which is to be used as indicator may be added 
in equal concentrations to urine and colored standard solutions, 
and that one of the latter which still corresponds to the urine in 
color may be selected. : 

After the reaction of urine has been estimated in this manner 
with whatever may be convenient, it is an easy task to determine 
the effect of dilutions upon the reaction by diluting both urine and 
standard solution equally. The following table presentsa fair 
sample of our data of the reaction of diluted and undiluted urine. 











TABLE IIT. 
REACTION | REACTION 

INDICATOR » INDICATOR 
| Undiluted | Diluted . ae Undiluted Diluted 
5.40 5.40 ( 5.00 5.00 
Para-nitrophe- }| 6.70 6.70 | 5.00 5.00 
iis canes | 5.52 | 5.52 | Sodium alizarine 6.82 6.82 
[| =. 82 5.82 sulphonate.... 7.10 7.10 
[| 5.00 5.00 7.22 7.22 
| 5.00 5.22 \| 7.10 7.10 
Methyl red....-{| 4.82 5.00 (| 6.82 6.82 
, | 6.12 | 5.30 , 7.10 7.10 
| ne) «aoe: 7.22 7.22 
7.10 7.10 
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396 Intensity of Urinary Acidity 


Evidently therefore, except in the easily explained case of very 
acid urines, the effect of dilution is unimportant and upon the 
whole dilution has the same effect upon the reaction of urines and 
of standard solutions, as must indeed be the case for similar “bal- 
anced solutions.”” This conclusion confirms previous work and 
gives convenient latitude in the choice of further procedure. 
Observations upon a variety of indicators were no less satisfac- 
tory. Those which we have employed include p-nitrophenol, 
methyl orange, methyl] red, neutral red, alizarine sulphonate and 
phenolphthalein. Except the last, each of these may be compared 
in certain ranges of reaction with at least one other and in all cases 
there is very satisfactory accord between the results with different 
indicators. The following sample of our numerous data illustrates 


the nature of the case. 
TABLE IV. 





st me Toa T tek ‘i Te, 
age) Boda | en | ESSe | gi? | GESE 
e & 2 | @S8een & O ee eo & O - 4&5 
Cof | 8&%o5 on8 N2°25 ong BzSs 
NUMBER Fee | 3588 | €S8 | 2288 | ES%e | tage 
Z?-aa | ae Z aa ue Z an se 
1348 | znoe 1348 230% "4b 5xAo® 
#565 | BB5@  aS65  5>SH 582 | 5EGe 
<4@QnA | Sao <4@Q-A o@o< <4@008 a2o< 
AE Rt B meg G iowaltl F moraks 
| 
1 5.40 | 5.40 | 5.40 | 5.40 | 5.40 | 5.40 
2 5.00 | 5.00 5.00 | 5.00 
3 5.82 | 5.82 | 5.82 | 5.82 (2) 5.82 
4 6.70 | 6.52 | 6.70 | (2) 6.70 | 6.52 
5 5.52 | 5952 | 5.52 | 5.52 | 5.52 (?) 
6 5.40 | 5.30 | 5.40 | 5.22 
7 5.30 | 5.30 | 5.30 | 5.30 
8 5.52 | 5.52 | 5.52 | 5.52 | 
9 5.82 | 5.82 | 5.82 | 5.82 | 5.82 | 5.82 
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TABLE VII. 


| 


ORED STAND-| 
ARDS, DILUTED 


| 
| 
} 
| 


STAND- 


NUMBER 


SUMPHONATE, UN- | 
COLORED S8TAND- 
ARDS, DILUTED | 
ARDS, DILUTED 
SULPHONATE, | 
COLORED STAND- 
ARDS, DILUTED 
SULPHONATE, | 
COLORED STAND- | 
| ARDS, UNDILUTED | 
ORED STAND- 
ARDS, UNDILUTED | 


SODIUM ALIZARINE | 
COLORED 


METHYL RED, UN- | 
| SODIUM ALIZARINE | 
METHYL RED, COL-| 
SODIUM ALIZARINE | 
METHYL RED, cor | 


| 
| 
| 





ss 


Or or we Or Or or 
SSscxss 
od Bw b bb 


5.00 
5.22 
5.30 
5.22 
4.70 


| 


4.82 
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These results not only justify the use of any one of several indi- 
cators® but also give added assurance of the reliability of the meas- 
urements. Even more important however is the fact that the 
observations are at any time subject to further experimental inves- 
tigations, because the standard solutions can at any time be repro- 
duced. It is also to be noted that for all practical purposes the 
reference of urinary reaction to such a series of solutions is quite as 
satisfactory as reference to the actual hydrogen ion concentration. 

Having in this manner confirmed the earlier work and found that 
the possible choice of indicators is a large one, we have after much 
experimentation decided upon the following procedure as on the 
whole a convenient method for actual use. 


A number of 250 cc. flasks of good glass are selected. They must be indis- 
tinguishable in color and form. In each of ten of these flasks is placed a 10 
ec. sample of one of the standard solutions, the volumes are made up to 
250 cc. with distilled water and an aqueous solution of alizarine sulphonate 


5 Certain difficulties were found with alizarine sulphonate in albuminous 
urine. Methyl red and p-nitrophenol, however, are little affected by the 
presence of albumen and so may be depended upon in these cases. In the 
range 0.3 X 1077 — 2.0 X 107’ alizarine sulphonate changes color so gradu- 
ally that accurate estimation could not be made. Neutral red, however, 
is very satisfactory in this range. Similarly p-nitrophenol is found unsatis- 
factory in the range of 50 X 10-7 and 200 x 10 7. 
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of sodium is added until the concentration of the indicator is about 0.0003 
per cent and exactly equal in all cases. 10 cc. of urine are next introduced 
into another flask and distilled water and indicator are added. The color of 


the diluted urine solution is next matched with one of the standard series. 
+ 


In case the reaction as thus measured is more acid than 5.3 ( (H) = 50 x 
10-") further tests are made with methyl red; for the range 5.3 — 6.7 (50 
xX 10-7 — 2 X 10-"), with p-nitrophenol and with neutral red; and for more 
alkaline urines, which thus far have been encountered only after the admin- 


istration of alkali, with phenolphthalein. 
+ 
A. (H)>60X10-7. 10 cc. portions of standard solutions are introduced 


into carefully selected colorless test tubes (measuring in our experiments 
15.5 cm. X 1.7 em.) and 10 cc. of urine is introduced into another tube. 
The standard solutions are each colored with one of the pigments above 
mentioned to match the color of the sample of urine. In case the pigment is 
itself an indicator within this range the necessary amount will vary with the 
reaction of the standard solution. 

To standard solutions and urine is then added 0.15 cc. of a saturated solu- 
tion in 50 per cent alcohol of methyl red, and the color is matched. 


+ 
B. 50X1077(H)>2X10-7. The estimation is carried out in flasks as 
with alizarine sulphonate, using, however, p-nitrophenol, 0.08 per cent. 
C. 2xX10-7 (H)>0.3 X 10-7. The estimation is made as with alizarine 
sulphonate but employing neutral red, 0.0006 per cent. 


D. (H)<0.38X10-". Undiluted urine is matched in test tubes against 
undiluted standard solutions using phenolphthalein as indicator (without 
previous coloration of standard solutions). 

In all cases estimations are made in duplicate. 


The results thus far obtained are tabulated below. 


TABLE VIII. 


Normal cases. 


5.30 5.00 5.82 6.10 5.82 7.22 5.70 6.39 
6.52 5.70 5.12 7.00 7.22 7.46 5.52 5.00 
6.30 5.70 6.30 6.52 7.22 5.70 5.12 4.82 
5.82 6.88 5.52 7.46 6.00 6.52 5.52 6.00 
5.82 5.40 5.12 5.30 6.40 6.30 7.45 7.46 
5.52 7.22 5.45 5.70 6.00 5.70 5.82 5.52 
5.70 7.46 5.82 6.52 5.12 5.70 5.30 5.70 
5 40 5.70 5.40 5.52 5.70 6.00 5.40 5.30 
6.82 5.40 5.12 6.16 5.70 6.00 5.82 5.82 
7.22 6.39 5.30 5.52 6.15 7.00 5.82 
6.00 6.39 5.52 6.70 6.70 5.40 7.00 
6.52 5.70 5.40 5.12 7.00 6.52 5.70 
5.82 6.70 5.82 6.52 6.40 5.70 7.10 


Average, 6.03. 
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400 Intensity of Urinary Acidity 
TABLE IX. 
Chronic glomerulo-nephritis, hypertrophy and dilatation of heart with cardiac 
decompensation. 
5.00 5.12 6.30 5.00 5.00 4.82 
5.12 6.82 5.00 5.40 5.70 5.30 


Average, 5.38. 


TABLE X. 


Chronic glomerulo-nephritis, hypertrophy and dilatation of heart without 
cardiac decompensation. 


4.52 5.12 5.12 5.30 5.40 5.52 5.40 
7.40 7.22 5.00 5.82 7.48 5.12 5.12 


Average, 5.70. 


TABLE XI. 
Acute nephritis. 
5.30 4.70 5.12 5.00 5.00 5.30 5.30 5.00 
Average, 5.09. 


TABLE XII. 
Cardiac decompensation without kidney involvement. 


5.22 5.30 5.00 5.52 5.12 5.30 5.70 7.48 


5.00 7.48 5.40 5.30 5.30 6.52 5.40 5.30 
5.52 6.10 


Average, 5.66. 


TABLE XIII. 


Lobar pneumonia. 


7.10 7.48 5.52 7.10 5.82 
6.30 5.40 5.12 6.52 5.30 
Average, 6.17. 

TABLE XIV. 

Pleurisy with effusion (tuberculous). 

5.00 5.52 5.00 5.52 
5.40 5.30 5.22 5.70 

5.52 


Average, 5.35. 
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TABLE XV. 
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Acute endocarditis. 


6.90 


a * 
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Average, 5.63. 







TABLE XVI. 






Diabetes mellitus (not receiving alkali). 


7.10 







- 7.22 









Average, 6.65. 






TABLE XVII. 
Peptic ulcer. 
7.22 
Average, 6.04. 









TABLE XVIII. 







Syphilis (all cases with secondary symptoms). 


5.90 6.30 7.22 
Average, 6.56. 








TABLE XIX. 







Appendicitis with operation (acute and chronic, without peritonitis). 


5.70 6.30 5.70 5.40 5.30 5.82 5.12 
6.90 5.70 7.22 5.40 4.70 5.52 5.52 
5.82 5.12 4.70 5.40 5.90 5.12 























Average, 5.62. 






TABLE XX. 





Carcinoma. 








NE as, ss vn ssn ee ee EE SE Mr 7.10 









Large intestine................ 2 Se RE See F h 
Large intestine................ 6.40 en ee eee 5.70 
ID ohh aon u «3X0 asa bins 6.40 Ro vac 4 Dd: cues cattae bene oe 5.30 
IG ia oo girccaek Wisp Svinte whine Wako 5.30 STS sri ava: ao ccasnes phate acandeenend 5.30 
5s 5s. iin hice nak peep iiaeooee 5.52 RNG) Fs se Lae wc sa tenihane amon 5.40 
SS Seeger EE De aie eee fa 5.82 







I eG 2S ha 5.82 REE DUS ea oe 2 205 5.52 
Average, 6.00. 

























5.12 
5.30 


Nn 5 See ve dae 5.30 
Hemorrhoids.......... ..5.30 
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TABLE XXII. 


(1) Pernicious anaemia. 


Average, 5.45. 


(2) Aplastic anaemia. 


Average, 6.52. 


(3) Secondary anaemia. 


Average, 5.37. 


TABLE XXII. 






5.70 
5.30 


5.30 5.82 


SE , SRPR aese eeeeer 5.12 
SE CER i odie a ova eeeeds ised 4.82 


Sepsis. 
Abscess of thigh............... 5.23 Peer. 
LES EO ERTS 5.23 Osteomyelitis................. 6.40 
I ick we Kunde b¥atee 5.12 I. os on ec ivevcess 5.70 
ois. ai aveb ews Ghd 4.82 Tonsillitis. . eee P| 
I Sn esa cee 4sy aed 5.40 Osteomyelitis of Gibuls. . hivetekxa 4.82 
Septic Wurms................6. 5.30 Osteomyelitis................. 6.00 
eek ik. n gc knoe pee Ot 5.40 Peritonsillar abscess........... 5.12 


Alveolar abscess...............5.52 


Average, 5.25. 


Herpes soster................. 7.10 
Epithelioma................... 5.40 
Dermatitis venenata ... ..6.82 







TABLE XXIII. 
Skin diseases. 


TABLE XXIV. 


ee So es re ee 7.40 
ETS as SEE SOIR SER 5.90 


Genito-urinary diseases. 


Pyuria (cause?)................ 5.52 
SP IR 6 on o's rc vce enn 7.12 
Renal calculus................. 4.70 
Tubercular kidney............. 6.70 
Pyelo-nephrosis................5.70 
Perinephritic abscess...........5.40 
Hypernephroma... .. 2.24.70 
Tubercular epididymitis. Vin kny ee 5.40 


Pywtem (Glee, Tose. c cs ces cas 5.82 
Renal calculus................ 5.12 
I SIG, Biisceicce cv scceees 6.82 
Double colon infection........ 5.40 
Tubercular kidney............ 7.40 
IN Sco S advsw'ss'e's Ss cac¥ se 5.52 
Hypernephroma... ..5.40 


Tubercular enididyisitis.. . 6.82 



























TABLE XXV. 


Arteriosclerosis with weak heart. 
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5.72 5.12 5.30 5.40 5.30 


Average, 5.37. 


TABLE XXVI. 


Typhoid fever. 


6.70 5.40 5.00 5.40 
Average, 5.85. 


TABLE XXVII. 


Gee. . iS eaca ced 5.82 
Is bss cccvcvac tates 5.40 
eS iG ecg 6.10 
Diabetes insipidus............. 5.12 
Addison’s disease.............. 7.45 
Unexplained temperature....... 5.52 
Unexplained temperature. .....5.52 
Unexplained high blood pres- 
Ae ea Teh Ee 5.52 
Tuberculous peritonitis ........5.40 
Elephantiasis..................6.82 
Unexplained vomiting..........5.52 
>. «ss SIE Rae namar ne: Pre 6.10 
Chronic bronchitis............. 7.45 
Chronic bronchitis............. 6.52 
Acute tonsillitis................7.00 
Acute tonsillitis................5.70 
Cholelithiasis...................5.82 
SEED ee Een 5.12 
Unexplained vomiting..........6.30 
Abdominal tumor.............. 5.52 
Abdominal tumor.............. 7.45 
ES er Ae 7.45 
Lumbar caries with abscess. .... 6.00 
Tabes dorsalis................. 5.30 
Acute rheumatic fever......... 5.30 
WU ccs btaew ccs ccs dense 7.12 
Myelogeneous leukemia........ 5.30 
Multiple sclerosis.............. 6.70 
Malaria. . in ie ..5.40 
Hodgkin’s : disoase.. 6's 
Gastric neurosis................6.52 
Henite e 
THs 6S i i AE 


Unexplained temperature...... 5.12 


Miscellaneous cases. 


6.00 5.00 7.48 


Taenia saginata............... 5.30 
Taenia saginata............... 5.30 
Tabes dorsalis.................6.82 
Unexplained fever.............5.52 
Chronic arthritis.............. 5.12 
Chronic arthritis.............. 5.20 
Unexplained fever.............7.48 
Tuberculous meningitis........5.30 
Dilatation of arch of aorta..... 7.00 
Neurasthenia................. 5.70 


Acute rheumatic fever with 
chorea and aortic regurgita- 


SS are 
I ouckwst dh chins eu cee 
edd dvcns péaaes ens 5.00 
Hyperacidity..................6.52 
Sciatica (cause?).............. 5.00 
Pyloric stenosis (cause ?)......7.40 
Chronic rheumatism...........5.52 
Acute rheumatic fever.........6.40 
Anaemia with enlarged spleen .5.52 
Bothriocephalus latus......... 5.82 
Chronic rheumatism...........6.70 
Persistent vomiting of preg- 

nancy.. ~ ee x 
Persistent “vomiting of preg- 

nancy.. pahinvets ..7.00 
Persistent ‘vounitinig of preg- 

nancy.. a é' ..5.70 
, Persistent ‘veutthie, of preg- 

nancy.. i otiawhes ..5.40 
Pulmonary tuberculosis. . appa 6.10 
Pulmonary tuberculosis with 

pneumothorax...............5.52 
Chronic rheumatism...........7.10 
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Intensity of Urinary Acidity 


TABLE XXVIII. 





Summary of averages arranged in order of highest acidities. 





if RN ics id sone o hine Odea vs Coward daw er aue eed 5.00 


i I is one kos sod Rio OR Ok Cee To aiadKenen cen tht 5.09 
at ine Rial ins, <p Jaw pA mich ah KOS 4 vii Rle CARTS bad 6 eae 5.25 
) Phowrioy wit eiadion........ 2... eee ccs ec eens ca le iid sinaeie ter Cle 5.35 
: a: «oc he See dre tad Wik eae Cacoed vGiueoene di Lane 5.37 
IS 55 «gal hd sh osu dice OO Wadd MEE pean Ath ok niaeeakey 5.37 

; Chronic glomerulo-nephritis with cardiac decompensation.............5.38 
I, 2 5's. 5 oso wis wad SU WER MAE ees 04 bho bed beeen 5.45 

y tes acid £48 ea RL pCR ee ins Se Ane oe ek 4c oles ed oe 5.62 
+ NINN <0. 9 5 <sdinuendae uaa baat dice 0/dos ep ewe seesuadey 5.63] 
q Chronic glomerulo-nephritis without cardiac decompensation......... 5.70 
A BE BOE ss 0 ido viocuiticece panes ida be ewe Saba ss vas alee eee 5.85 
4 ais onus ecddidca nin hs ciaseien 48 5 se ERE UTS lives .picaie em Od aden 6.00 
a I £6 skh Cust ong d Ve ->+ + Gh ado oe nla he we pelaeebalniean 6.03 
a ed Mi ee ial ee tae aes Sag Ram PNA ao: bo 6.04] 
e SEE SOOT LOE Le PLE AAT RORY TT 6.17] 
4 EIT LOO HES PES OEE LEE AMPS LEE NE 6.52] 
EEN SR Pee Ri SCRE an A La Oe Uw Cee Ryley SN 6.56] 


[Diabetes mellitus............. ee 


Only a few cases were observed in the groups with brackets. The average 
of 57 cases in which there was either nephritis or cardiac disease or both is 
5.33. This amounts to a five-fold increase in the acidity of the urine. 








*Including a number of observations not reported in this paper. 





These measurements appear to establish certain facts: 
1. The variations in hydrogen ion concentrations of urines are 
on the whole such as have been previously reported. Normal 
urine seems to range from a concentration of ionized hydrogen of 
: about 4.82 to one of about 7.45. The mean value is almost exactly 
q 6.00. The earlier investigation of one of us is thereby confirmed, 
but a wider variety of ‘‘normal” cases and of conditions discloses 
a greater variation and a slightly higher mean. 

2. Pathological conditions cause occasionally an even greater 
| acidity than we have ever observed normally, but in our experi- 
ence never unusual alkalinity. Commonly however the range is 
within normal limits. 

3. The mean acidity in cardioerenal cases is undoubtedly high— 
5.33—corresponding to an actual concentration of hydrogen ions 
50 X 10-7, instead of 10 X 10-7, the normal mean. Such dis- 
parity is almost certainly significant and suggests the common 
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occurrence of a condition which other observations lead us to con- 
sider a form of acidosis. 

4. Various other pathological conditions appear to be commonly 
accompanied by unusual acidity of the urine but, in view of the 
normal variations and the consequent need of large numbers of 
observations, we do not at present feel justified in attempting to 
classify them. 

5. In those pathological conditions of which we have thus far 
statistics in numbers sufficient to justify a conclusion, the mean 
value of the acidity of the urine appears never to fall below that of 
normal urine. 

We wish to thank Dr. Frederick C. Shattuck for making this 
work possible, and Dr. W. F. Boos for his kindness in permitting 
the use of the Chemical Laboratory. Thanks are also due the 
members of the visiting staff and others of the Massachusetts 
General Hospital for their kindness in supplying clinical material. 
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THE PROBLEM OF ENZYME SYNTHESIS. I. 
LIPASE AND FAT OF ANIMAL TISSUES. 


By H. C. BRADLEY. 
(From the Department of Physiology, University of Wisconsin.) 


(Received for publication, November 2, 1912.) 


Since the demonstration of the reversibility of enzyme action by 
Croft Hill,! Kastle and Loevenhart,? Pottevin,? Hamsick,* Taylor® 
and others, the general correspondence between enzyme reactions 
and those catalyzed by inorganic substances has been conceded. 
The true catalytic nature of the enzymes seems beyond question. 
Where this correspondence appears to be lacking in certain details, 
as in the hydrolysis of esters by lipase, we are justified in conceiv- 
ing other factors operative in checking or destroying the enzyme 
before the reaction has a chance to attain equilibrium. Under 
proper conditions therefore it seems probable that all hydrolytic 
enzymes should be capable of synthesizing the substances which 
they hydrolyze under other circumstances. The broad biological 
significance of this fact was pointed out by Loevenhart in 1902 in 
his paper dealing with lipase and lipogenesis. The theory there 
advanced offered biologists a most attractive explanation of the 
chemical mechanism involved in the digestion, absorption, trans- 
portation, deposition and utilization of fats. The data presented 
in support of the theory seemed adequate to convince one of its 
tenability, and the fact that it has been so widely accepted through- 
out the scientific world indicates the general applicability of the 
conception. Indeed it may be said that the theory of enzyme 


1 Croft Hill: Journ. Chem. Soc., \xxiii, p. 634, 1898. 

2 Kastle and Loevenhart: Amer. Chem. Journ., xxiv, p. 491, 1900. 

3’ Pottevin: Compt. rend. Acad. des Sci., exxxvi, p. 1152, exxxvili, p. 378, 
1903. 

4 Hamsick: Zeitschr. f. physiol. Chem., lix, p. 1, lxv, p. 232, 1909. 

5 Taylor: this Journal, iii, p. 87, 1907. 

6 Loevenhart: Amer. Journ. of Physiol., vi, p. 331, 1902. 


407 


Cae he eee cee 
cr kia | . : 


| 
\q 
tote 
Hi 


ar ee 


a 


AS te a pe 


Fp ROY Gh RR Rt I ea he 


nae 


re 
Pe ae 








408 Lipase and Fat of Animal Tissues 


synthesis of tissue compounds is the only explanation generally 
held and taught today to account for the building up of protein, 
fats and carbohydrates. 

The work upon the synthesis of proteins in vitro through the 
agency of proteolytic enzymes, has not proven adequate to the 
task as yet, but the complexity of the reactions involved and the 
lack of those modifying influences which undoubtedly exist in the 
living cell are sufficient to account for the failures up to the present 
time. But while no one has succeeded in building up a typical 
native protein, great success has attended the efforts toward the 
synthesizing of carbohydrates and fats. The work of Hamsick’ 
in particular may be cited, for he has succeeded in demonstrating 
a 30 per cent synthesis of triolein from its components. He has 
further shown that the presence of bile salts is important in 
facilitating the synthetic reaction just as the hydrolytic. It is 
not necessary to multiply examples of enzyme syntheses in vitro, 
since the fact is too well established to need further proof. Atten- 
tion should be called in passing, however, to the conditions under 
which successful reversions take place. The absence of water 
from the reacting mixture is a prime necessity. Croft Hill*® used 
a 40 per cent dextrose solution in his synthesis of isomaltose— 
a concentration far above anything found in vegetable sap, so 
far as we know. Hamsick used pure glycerine, oleic acid and dry 
pancreas powder in accomplishing his notable syntheses. The 
reason for the small yield of ethyl butyrate obtained by Kastle 
and Loevenhart was undoubtedly the edilution of the reacting 
mixture. A small active mass of water is as important in syntheses 
catalyzed by enzymes as in those catalyzed by mineral acids for 
example. Concentrated sulphuric acid, pure fatty acids and alco- 
hols are commonly used in laboratory ester syntheses, because 
under these conditions the mass of water is kept at a minimum and 
the hydrolytic reaction is correspondingly small. It is well known 
that a mixture of ester, water and minera] acid tends toward 
hydrolysis rather than toward the reverse reaction so long as the 
water is above a certain proportion. It has been shown’ similarly 
that pancreatic lipase tends toward the complete hydrolysis of 


7 Hamsick: loc. cit. 
8 Croft Hill: loc. cit. 
® Bradley: this Journal, viii, p. 251, 1910. 












































H. C. Bradley 409 


triolein if water is present to the extent of 50 per cent of the react- 
ing mixture, and the more water present the more rapid is the 
hydrolysis. If less than 50 per cent of water is present equilib- 
rium is reached before hydrolysis is complete. It requires, how- 
ever, a relatively small amount of water to secure a relatively large 
degree of hydrolysis and conversely a high degree of desiccation is 
necessary to produce noteworthy syntheses. This fact, however, 
does not exclude the possibility of enzyme syntheses in cells where 
the total water content approximates 80 per cent, since there is 
abundant evidence of the fact that concentrations in localized 
portions of the cell may be far greater than in other adjacent por- 
tions. The probable foam-structure of cytoplasm, the adsorption 
phenomena at the boundaries of different phases, gives us a 
mechanism which appears adequate to explain why at one point 
in a cell fat may be synthesized from its components, while at 
another point it may be undergoing hydrolysis at the same time. 
Such data as have been presented by Macallum on the localiza- 
tion of potassium and other salts in growing structures, may be 
cited as proof of the possibility of attaining high concentrations of 
soluble and diffusible substances in sharply localized areas of the 
cell. The familiar formation of excretory vacuoles in the uni- 
cellular organisms, where water charged with products of metabo- 
lism collects and grows, moves to the periphery of the cell and 
discharges into the surrounding medium, is a striking example of 
this phenomenon. 

So far therefore it seems quite possible to visualize in a crude 
way a mechanism by which syntheses by means of enzymes can 
take place in cells whose water content as a whole is too high to 
admit of this result once the cell structure is lost or disturbed. 
The theory requires a complexity of structure and reaction which 
is abundantly borne out by other facts. The theory has, however, 
never been given that close scrutiny which so broad a working 
hypothesis deserves. Very little has been done to establish it 
beyond proving the true catalytic nature of enzyme reactions. 
It has therefore seemed advisable to secure data upon this impor- 
tant phase of metabolism, confirming or disproving the theory as 
the case may be. At the outset it has been evident that the 
methods of actually scrutinizing tissue syntheses are difficult and 
uncertain of interpretation, and that no single reaction or series 
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of reactions from a single point of view can be found sufficient to 
the task unless the results are clearly positive. Where results are 
equivocal or negative the question must still remain open, because 
of the complexity of the reacting media and the sensitiveness of 
enzyme reactions in general. It was hoped, however, that by 
attacking the problem from a variety of angles enough data might 
be secured to give basis for the ultimate acceptance of the hypothe- 
sis upon more than a hypothetical basis or for its rejection as inad- 
equate to explain the facts. 

Before attempting a critique of the theory it might be well 
to state it in the terms generally accepted by biologists. For 
purposes of defining the problem I have taken the presentation of 
the theory given by Wells in his Chemical Pathology,!® “All 
metabolism, then, may be considered as a continuous attempt 
at establishment of equilibrium by enzymes, perpetuated by pre- 
vention of attainment of actual equilibrium through destruction 
of some of the participating substances by oxidation or through 
other chemical processes, or by removal from the cell or entrance 
into it of materials which overbalance one side of the equation.”’ 
In other words the intracellular enzymes which are present in 
every living cell, lipase, diastase, proteases, etc., function as hydro- 
lytic and as synthetic agents. Under certain conditions, depend- 
ent upon the active masses of the compounds involved, fats, 
carbohydrates and tissue proteins may be built up and stored in 
the cell. Under other conditions, these same substances will be 
hydrolyzed to simpler compounds as an initial step in utilization 
and catabolism. All of the strictly reserve deposits of fat, carbo- 
hydrate and protein are assumed to be built up in this way in 
times of nutritional abundance. The store of glycogen in the 
liver following a carbohydrate-rich meal, the deposits of starch and 
oil in seeds, the laying on of adipose tissue in animals, may be 
instanced as cases in point. All such deposits are subsequently 
hydrolyzed and removed as conditions of nutritional want are 
experienced. The glycogen quickly diminishes in the Jiver of the 
starving mammal, the oil and starch undergo hydrolysis as the 
seed germinates and the fatty tissues diminish in the mammal to 
maintain bodily heat and energy. The diastase of the liver, 
lipase and diastase of the seed, the lipase of active adipose tissue, 


10H. G. Wells: Chemical Pathology, p. 68. 
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are already well known. The proteases of cells, which after death 
accomplish the digestion of the cell proteins, during life may 
function in both hydrolysis and synthesis, and thus be responsible 
for the building up of the characteristic tissue proteins. Why the 
proteases of one cell build up muscle proteins and those of another 
connective tissue we cannot explain except upon the ground of 
specificity of enzymes and the complex of conditions existing in 
different cells exerting a directive action upon the steps involved 
in synthesis. 

In a general way, then, we find cells equipped with enzymes 
capable of performing their synthetic reactions. Also, but to 
a less striking degree, those cells which are most actively engaged 
in the synthesis of a given compound seem to be equipped with 
more of the necessary enzyme than are other cells less actively 
engaged in this particular type of metabolism. 

There are many exceptions already known to this statement, 
but they are generally assumed to be simply exceptions in no 
way invalidating the general hypothesis. It is certain that a 
general correlation between the lipase of tissues and their activity 
in fat metabolism, as expressed by their fat content in periods of 
plenty, would do much to strengthen our belief in the theory.. At 
the same time fat content alone is not an indication of the fat 
metabolism of the organ; vascularity, lymph supply and other 
indications of the activity of an organ must be taken into considera- 
tion. In homologous organs, such parallelism however would be 
in the nature of positive evidence in favor of the hypothesis. On 
the other hand, lack of such parallelism would not necessarily 
weaken the theory, because of the presence of so many unknown 
factors in the cell itself. Lack of such parallelism would however 
weaken the force of any argument based upon its previous assump- 
tion. We have chosen the distribution of fat and lipase as our 
first point of inquiry chiefly because in Loevenhart’s original work 
on the subject a certain degree of parallelism was found. Thus, 
active mammary gland was more active lipolytically than resting 
and subcutaneous adipose tissue was more active than muscle 
or kidney fat. It seemed desirable to extend these observations 
over a much wider field and to determine whether in a broad sense 
there is any relation between fat content and lipase activity. 

A preliminary examination of a considerable number of tissues 
secured from a wide variety of species of marine animals was made 
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at Woods Hole in 1911. Lipase was estimated in the usual way by 
making up a definite weight of tissue “ Brei’’ to a standard volume, 
adding a soluble ester, ethyl butyrate, and titrating the acidity 
developed. After a period of three days the lipase reaction has 
usually reached equilibrium, so that the acidity at the end of 
that time represents roughly the amount of lipase present. Fat 
was extracted from another weighed portion of the fresh tissue 
by boiling alcohol and ether. The extracts dried at 105° were 
reéxtracted with ether, evaporated in a weighed capsule and dried 
to constant weight. The results from this preliminary survey 
are not considered accurate, but they are sufficiently so to indicate 
that a correlation between lipase and fat content in the tissues 
examined does not exist. Some of the tissues richest in fat are 
poorest in lipase, and vice versa. The following table contains a 
few of these results. 
TABLE I. 


ze ACIDITY DEVELOPED 
TISSUE FAT FROM 5 GRAMS| By 5 GRAMS ‘‘BREI”’ IN 
— 100 cc. WATER, 2 cc. 

ETHYL BUTYRATE 


NO. 


ERED be enanar epee 2.34 0.30 


1 

2 | Dog fish liver............. 2.28 0.50 
3 | Dog fish liver............. 2.19 | 1.40 
OTe 2.16 | 0.20 
i RRR EIN ep 1.39 | 0.40 
6 | Dog fish liver............. 1.15 | 0.90 
7 | Flounder liver............. 1.09 2.00 
8 | Squeteague liver.......... 0.84 0.85 
9 Limulus liver............. 0.16 | 0.70 
10 Shark sperm.............. 0.10 | 0.40 
il | Bieeee Rieeey:............. 0.06 0.30 
12 | Shark pancreas............ 0.03 0.60 


13. + Limulus blood............. 0.02 0.30 

It will be seen that while the Jipase content of shark liver and 
Limulus blood is exactly the same, the fat of the former is one 
hundred times greater than that of the latter. Again, No. 6, 
dog fish liver, contains one-half the fat that shark liver, No. 1, 
contains but its lipase number is three times as great. Flounder 
liver contains less than one-half the fat of shark liver but seven 
times the amount of lipase. 
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A comparison of such figures as those in Table I is not however 
satisfactory. The lipase is presumably associated with the proto- 
plasmic portion of the cell contents—the dry, fat-free proteins. 
A comparison of shark liver, which is about 50 per cent fat, with 
other tissues, which contain little or no fat, on a basis of fresh 
tissue weight is obviously incorrect. The real protoplasmic basis 
of fresh shark liver must be much less than that of mammalian 
liver, for example, and a comparison of the lipolytic activity of 
the two would appear to make the mammalian liver tissue more 
active than it actually is. Furthermore the introduction of the 
insoluble ester triolein along with the shark liver “Brei’’ must 
introduce a further error of comparison the extent of which we do 
not know. In comparing aliquots titrated with 4; NaOH and 4 
KOH (alcoholic), it was found that the acidity in the alcoholic 
titration was frequently nearly double that of the water solution. 
Evidently the lipase acts on both the soluble and the insoluble 
ester at the same time and at approximately the same rate. If 
there were no fat introduced along with the “Brei’’ it would seem 
reasonable to assume that the ethyl butyrate would be hydrolyzed 
more rapidly. It is fair to state however that, after making all 
possible allowance for this latter factor, the general results would 
remain quite unmodified. 

A second, more accurate investigation was made, with a view 
to determining what corrections should be made on the basis of 
protein or protoplasmic contents of the tissues examined." Fat 
was estimated, the dry weight of the tissues, and the lipase activ- 
ity. Calculating the dry, fat-free weight of the tissues it is seen 
that a wide range exists—from 4 to 40 per cent. We may assume 
that 20-25 per cent represents about the average. Then a tissue 
like shark liver which may contain as little as 4 per cent fat-free 
substance, represents only about one-fifth or one-sixth of the 
amount of active tissue found, for example, in porpoise liver. As 
has been shown, the law of Schiitz holds approximately through a 
considerable range of enzyme concentration: the height of diges- 
tion varies with the square root of the enzyme, when equilibrium 
is allowed to be attained. Accordingly four times the enzyme 
present should double the acidity developed at equilibrium. 


11 T wish to acknowledge the valuable assistance of Mr. Eugene Kellers- 
berger in securing these data. 
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SPECIES 


Porpoise...... 


Shark.... 

| Sleate......... 
Skate........ 
ee 
ee 


a: 
ae 


Sycotypus... 
_Sycotypus.... 
| Star fish...... 


Limulus....... 


| Limulus....... 
| Tautaug 
| Tautaug...... 


Sycotypus....| 


Sycotypus.... 
ak Sexes 
| Limulus..... 
ae 


| 


TABLE II. 


TISSUE 


liver 


liver 


liver 
liver 
liver 


. liver 
. liver 


liver 


. liver 


liver 


.| liver 
_ liver 


liver 
liver 
liver 


.| liver 
., liver 


liver 
dig. gland 


dig. gland 


muscle 
muscle 
muscle 


radula mus. 


pedal mus. 
muscle 


..| muscle 
.| muscle 
Sycotypus....| 
| red mus. 
muscle 

| white mus. 
_ muscle 

_ white mus. 


pedal mus. 


red mus. 


.| muscle 


heart mus. 


| 





& 
< 
_ 


| 
} 
| RESIDUE 





ALIQUOT 


PROTEIN 
N 
{o ACID PER 5cc. 





' | 
per cent, percent percent cc. 


5.06 26.44 21.38 9.20 


| 49.20) 


13.37 
| 39.35 
34.69 
63.14 
| 62.58 
12.50 

16.45 
45.49) 56.45 
45.59, 56.78 
| 29.72) 50.56 
58.12) 65.86 





37.70, 49.88 


| 17.24 


| 51.58, 60.70 


| 7.91) 32.97 





52.58) 


66.52 
66.52 





| 4.60 
4.00 
13.23 1.80 
(3.15 
3.38 0.50 
3.94 0.40 
2.30 

2.10 

10.96 0.65 


| 0.50 


13.85) 13.09 0.50 
31.71) 20.29 0.40 
78) 24.67) 23.89, 0.30 
28.13) 19.33, 0.30 


| 0.25 | 


80 

2 

33, 22.00, 20.67 0.20 
70, 21.38) 20.68 0.15 
01 23.80 
ie 
74 
93 


22.79 0.00 
0.20 
0.00 | 
0.25 


ACIDITY NUM- 


CORRECTION 
FACTOR 

CORRECTED 
BER 


© 
bo 
So 





oe eee 
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TABLE II—Continued. 

















| | SelB |e" 
NO. SPECIES TISSUE | - z | = 5 Es fr 
| |. | 8 | € | §8] 88 | 88s 
Dt ee oe ° <3 @e | Sem 
| Fy z cE im | 8 |8 
| | per cent] per cent| percent) cc | | 
38 | Limulus ....| eggs 8.29) 49.00) 40.71) 1.50} 4 | 0.75 
39 Limulus....... eggs | 8.90) 48.95) 40.05) 1.30, 4 | 0.65 
40 | Skate ........ eggs — 6.17) 33.15) 26.92) 0.70 | 0.70 
41 | Star fish...... eggs 3.38 11.49} 8.11/0.30) 3 | 0.90 
42 | Skate......... ovaries | 3.92) 1.60 | 1.60 
43 | Skate......... album. gland | 2.59) 34.58) 31.99) 1.00 | 1.00 
44 | Shark ... testis | 8.42 4.10 4.10 
45 | Tautaug...... testis | 2.92 0.90 0.90 
46 | Shark......... spleen 2.31) | 2.30 | 2.30 
47 | Shark......... spiral valve | 2.40) 0.90 | 0.90 
48 | Limulus....... blood 0.00, | 0.90 0.90 
49 | Limulus......._ blood 0.01 | | 0.45 | 0.45 
50 | Shark......... blood 0.24 | | 0.15 0.15 
51 | Sycotypus.... blood (0.31 | 0.00 0.00 
| 0.02 0.00 0.00 





52 | Sycotypus.... blood 


Since this proportionality is not a strict one and only holds through 
a limited range of variation of the enzyme, we have decided to 
give every possible advantage to the tissues, poor in protoplasmic 
residue, in the tabulated comparisons. We have therefore assumed 
a direct or linear relation between enzyme and acid developed. 
As will be seen in the preceding table, even this excessive correction 
allowance fails to account for the differences which we find between 
homologous organs of different species, nor does it greatly lessen 
the striking lack of correlation between fat and lipase. 

Graphs have been prepared to show the relationship between 
lipase and fat, segregating the figures for muscle, liver, digestive 
glands, eggs, ete. The lack of parallelism is quite evident. 

It may be suggested that the comparison of tissues from widely 
different species of animals is hardly a fair one. The function of 
the liver of the teleost must be very different quantitatively at 
least from that of the mammal. Shark and dog fish livers are 
always found rich in fat, while mammalian liver is uniformly poor. 
But a series of figures limited to sharks and dog fishes still shows 
no parallelism between the fat and lipase. 
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In the following table are presented some miscellaneous figures,” 
which cannot be strictly compared with those of preceding tables 
since the digestions were carried on at 37° instead of 25°. 





TABLE III. 
| Aa 
SPECIES TISSUE ) a oo | FAT 

02 CC. ALIQUOT | 
ec. | per cent 
eee | 7.80 7.01 
EL a aes liver 6.40 4.00 
et hs via o sin a xaes liver 6.20 3.23 
oe liver 5.00 4.52 
SR Ge orth pcs tat liver 3.40 13 .00 
Ge iei id. cucsesket lung 4.80 2.44 
ee 4.00 2.17 
ES Serene > heart muscle | 2.90 2.27 
fie alk a spermatoid | 2.70 2.40 
ee eal. hana a ot mammary (active) | 1.90 11.00 
MING Ss oi Scratvs os bce mammary (active) | 1.50 4.30 
ESET aie gee brain | 1.10 4.72 
SNE sda dhewen vars blood | 0.80 0.12 
ene _ thoracic lymph | 0.07 | 0.78 





Attention should be called to the interesting observation, which 
I have frequently confirmed, that active mammary tissue is less 
rich in lipase than mammalian liver, and even than heart muscle, 
beef kidney and calf lung, although it is richer in fat than these 
tissues and is daily secreting very large amounts of fat in the milk, 
in addition. Instead of being unusually rich in lipase on account 
of its active secretion of fat, it is found to be about on a par with 
such other tissues as fish ovaries and testes, spleen, brain and other 
gland structures of mammals and invertebrates. Compared with a 
large number of tissues active mammary gland is not a tissue rich 
in lipase; it is only twice as active as blood itself. The fact that 
active mammary tissue is richer in lipase than inactive, as was 
pointed out by Loevenhart, is probably due in large measure to 
its hyperplastic condition during lactation. It is certain that 
the secreting epithelial cells are far more abundant in the active 
gland than in the resting one, so that a given weight of active gland 
tissue must contain a far greater proportion of gland cells and 


12 Data collected by Clarence Schuldt for graduation thesis. 1912. 
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correspondingly less connective tissue than the same weight of 
resting mammary. Not knowing the relative proportion of epi-. 
thelial cells in the two types of tissues it is impossible to estimate 
how much of the increased lipolytic activity of the secreting gland 
is due to increased metabolic activity of the cells themselves, and 
how much to their numerical increase. 


CONCLUSIONS. 


1. No broad correlation exists between the fat and lipase con- 
tent of tissues. 

2. Homologous organs in allied species, such as teleost livers, 
fish muscles, etc., show no parallelism between fat and enzyme. 

3. Some of the most active fat-producing tissues are relatively 
poorer in lipase than many other tissues which never normally 
contain or produce more than a small percentage of fat. Active 
mammary tissue affords the most striking example of this when 
compared with lung, kidney and muscle tissues. 

4. Quantitative comparison of fat and lipase in animal tissues 
gives no positive evidence in support of the theory of enzyme 
synthesis. 





THE PROBLEM OF ENZYME SYNTHESIS. II. 
DIASTASE AND GLYCOGEN OF ANIMAL TISSUES. 


By H. C. BRADLEY anp E. KELLERSBERGER. 
(From the Department of Physiology, University of Wisconsin.) 


(Received for publication, November 2, 1912.) 


In a recent paper by Hugh MacLean,' diastatic activity of mam- 
malian tissues was reported to have the following order: kidney, 
lungs, liver, heart, stomach and bladder and skeletal muscles. 
There were individual and species variations found, but the aver- 
age diastatic activity was in the order named. It is interesting 
to note that kidney and lung tissues which are most active, are 
seldom found to contain more than traces of glycogen, if any. 
Muscles, which are least active diastatically, frequently are quite 
rich in glycogen and normally contain some of that carbohydrate. 
MacLean pointed out the lack of correlation between glycogen 
storage and diastatic activity in the tissues examined. 

We have extended this field of inquiry to include a number of 
lower forms known to be rich in glycogen. For example the muscle 
tissues of molluscs are usually very rich in glycogen, so much so 
indeed that it makes one of the best sources for the preparation of 
large amounts of this substance. Are such muscles proportion- 
ately rich in diastase? 

MacLean’s method of preparing the tissues for examination 
was followed. The living tissue was ground fine into a large excess 
of alcohol and kept thoroughly mixed. The alcohol was changed 
several times in twenty-four hours, pressing the pulp dry each time 
in a meat press. At the end of this period the tissue was washed 
quickly with ether and gasoline to remove alcohol and fats, pressed 
dry and spread out in thin layers on filter paper in a current of 
air. The dry pulp was re-ground and sieved. Two grams of 
this powder, 25 cc. of a stock starch solution used throughout the 
experiments and a little toluene were made up to 100 cc. The time 


1 MacLean: Biochem. Journ., iv, p. 467. 1909. 
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required for the disappearance of the starch and the erythro- 
dextrin reactions was used as the indication of the activity of the 
diastase present. We have also used glycogen solutions for diges- 
tion but have found such complete parallelism between the starch 
and glycogen digestions that the former has been adopted in 
our routine examinations. It is believed that for comparative 
purposes, such as these experiments require, the change to achroé- 
dextrin, as indicated by the iodine reaction, is as valuable as a 
quantitative determination of sugar at the end of a fixed time. 

Glycogen was estimated in a weighed sample of the tissue 
powder by the Pfliiger method, boiling with strong alkali for two 
hours, precipitating with alcohol, redissolving and reprecipitating 
several times, and finally weighing the purified substance dried to 
constant weight. Where traces only could be found they were 
used for qualitative reactions for the identification of the substance 
as glycogen. In a few cases where only a limited amount of the 
tissue could be obtained the fresh “ Brei’’ was used for the detec- 
tion of diastase. 


DRY 








NO. SPECIES TISSUE 'WEIGHT TIME GLYCOGEN REMARKS 

grams per cent 

1 | Pecten........| liver | 2 | 37 min. trace? 

2 Syeotypus....| liver 2 47 min. 1.15 

3 | Rat...........| liver | 2 | 60 min. trace 

4  Limulus.......| liver | 2 90 min. none 

5 Sand shark....| liver | 2 240 min. none 

6 Sand shark....| liver | 2 480 min. none 

7 | Limulus.......) eggs ' 2 | 570 min. 2.57 

8 | Limulus.......; muscle 2 23 day | trace | 

9 | Dogfish.......| liver 2} Sdays | 1.35 | 

10 | Pecten........| muscle 2 | 5days? | 4.62 ‘erythro- 

| | | | | dex.* 

11 § Squid.........) muscle 2 | 5 days? none | 

12 | Dog fish...... muscle 2 | 6 days? 0.20 | 

13. Sand shark..... muscle | 2 | 7 days? | none | 

14 | Squeteague.... muscle | 2 oe. days? trace | 

15 | Lobster....... muscle 2 7 days? none | 

16 Sand shark...| muscle = 2 8 days? | none | 

17. Syecotypus....| muscle 2 8 days? | 3.78 |blue-purple. 

muscle 2 ? none | 


18 Swordfish.....| 


| 


*Where a question mark appears it indicates that no sure indication of digestion could be 
detected at the end of the time given to that experiment. In the two cases noted, Nos. 10 and 
17, there was some slight indication of change in the starch solution, though in 17 it was not 
clear whether it was due to digestion of starch or not. 
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FRESH 


NO. SPECIES TISSUE WEIGHT TIME GLYCOGEN REMARKS 
grams 
19 Syeotypus..../ muscle 10 8 days? 0.68 
20 | Shark.........| muscle | 10 3 days | trace 
21 | Sycotypus....| blood 75 3 days | none 
22 | Squid.........| liver 3 5 days none 
23  Squid.........| blood 25 3 days | none | 
24 Squeteague... liver 3 3 hours trace | 
25 | Lobster.......| liver 25 3 hours trace | 
26 = Lobster.......| blood 25 ? none 
27  Sycotypus....| liver 10 3 hours none 
10 | 


28 | Shark.........| liver 5 hours none 

An analysis of the results shows in the first place that the treat- 
ment to which the tissues are subjected in drying and rendering 
them fat-free, does not greatly alter the diastatic activity; com- 
pare 2 and 27; 4, 6 and 28. It is improbable therefore that, by 
this treatment, diastase has been destroyed in any of the tissues 
which fail to digest starch. 

In the second place, the most active tissues diastatically, Pecten, 
Sycotypus, rat, Limulus, and shark livers and Limulus eggs, do 
not all contain glycogen. It is quite probable however that in 
periods of nutritional plenty these tissues might all contain glyco- 
gen, since with one exception they are livers or digestive glands 
which are believed to function like the liver in storing glycogen. 
On the other hand, the least active tissues are the muscles. With 
the exception of Limulus muscle (which contains no glycogen) 
these tissues are practically devoid of diastatic enzymes. Yet 
Pecten and Sycotypus muscles are the richest tissues which we 
have analyzed for glycogen. In the case of Pecten muscle there 
was an unmistakable change to erythrodextrin, but during the 
five-day digestion period there seemed no further change. At 
the end of an eight-day period Sycotypus muscle showed no more 
change than expressed by a slight purple tint in the digestion mix- 
ture when treated with iodine, instead of the original clear blue. 
A control of 10 grams of the perfectly fresh muscle “ Brei’”’ 
showed no digestion at the end of eight days. Inasmuch as 
Sycotypus blood showed diastase, it is not surprising that the 
muscle sample 17 appeared to have a trace of activity. Indeed 
it might be considered more surprising that the tissue showed so 
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little. When the gasteropods were killed, however, the large 
blood spaces of the pedal muscle were cut in several directions to 
allow free bleeding, and the muscles themselves under this stimulus 
contract to the utmost, thus squeezing out practically al] of the 
blood present. What extremely slight digestion appeared to go 
on in 17 we may attribute to a trace of blood rather than to the 
muscle fibres themselves. 

-It should be noted that our figures disprove the statement of 
Abderhalden,? that: “With the gasteropods the liver is the only 
place in which glycogen is deposited to any extent; in the other 
organs the amount is hardly worthy of consideration.”” The gas- 
teropod, Sycotypus canaliculatus, regularly contains large amounts 
of glycogen in the pedal muscle. The specimens here examined 
had been kept in captivity for many weeks, long enough to remove 
most of the glycogen from the liver in several individuals examined 
and to have reduced the percentage present in the muscles. Freshly 
dredged specimens in good condition will yield much more glyco- 
gen than the figures above would indicate. The same is true of 
the muscles of many lamellibranchs, of which Pecten is an example. 

In confirmation of MacLean’s work, we find that tissues rich in 
diastase may or may not contain glycogen; and, what is far more 
significant from the point of view of the enzyme-synthesis theory, 
tissues rich in glycogen may or may not contain diastase. While 
it is easy to conceive of a tissue rich in an enzyme failing to build 
up the synthetic product of that enzyme’s activity, it is not so 
easy to explain the absence of an enzyme from a tissue regularly 
building up a certain compound, if we attribute that synthesis to 
the enzyme. At the same time the absence of the enzyme does 
not invalidate the general theory. It is possible that the enzyme 
has disappeared after the synthesis; or that the diastase of the 
blood is capable of diffusing into the cells at certain times; or that 
in an animal whose whole metabolism is on so low a level, an 
amount of diastase too small to detect is still sufficient to synthe- 
size and hydrolyze the glycogen stored in the pedal muscle. It is 
not impossible of course that glycogen is synthesized in the active 
liver or “ hepato-pancreas” and is transported thence to the muscle 
tissue in the blood. The presence of glycogen in the latter might 


2 Abderhalden: Text-book of Physiological Chemistry, p. 46. 
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Jd 


be too slight also for detection at any given time. There are many 
considerations which render the negative results, recorded above, 
equivocal rather than negative of interpretation. It is clear how- 
ever that the experiments do not add anything to substantiate the 
theory. 
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THE PROBLEM OF ENZYME SYNTHESIS. III. 
DIASTASE AND STARCH OF PLANT TISSUES. 


By H. C. BRADLEY anp E. KELLERSBERGER. 
(From the Department of Physiology, University of Illinois.) 


(Received for publication, November 2, 1912.) 


It is well known that diastase is widely distributed in the active 
tissues of plants. Just what its relative strength is in different 
tissues has been less carefully determined. Furthermore the 
quantity of the enzyme is variable so that only very general state- 
ments can be made concerning its presence. The season of the 
year, the condition of the plant and its stage of development, etc., 
all exercise an influence in determining the activity of the enzyme. 
For this reason much of the data collected upon this question was 
unavailable for the purposes of this investigation, and a series of 
determinations was therefore made to determine whether a rela- 
tionship exists in the plant tissues between starch and the enzyme 
which is believed to synthesize it from the more soluble carbo- 
hydrates. A definite correlation between the enzyme diastase 
and the starch content would throw much light on the general 
question of enzyme synthesis. The plant should be especially 
favorable material for this problem because of the relatively simple 
metabolism there found. 

The method used was that described in a previous paper for the 
detection and estimation of diastase in animal tissues. The plant 
organs were not treated with alcohol and ether since few plant 
tissues contain appreciable amounts of fat. Five grams of the 
finely pulped material were weighed out, 25 cc. of the same starch 
solution added in all cases, toluene and water to make the volume 
100 ce. The iodine reaction was used as the test of digestion, 
and the time required to convert the starch solution to the achroé- 
dextrin stage indicated in a rough way the activity of the diastase 
present. A number of tissues were assayed for their dry weight 
as a further check on the interpretation of the figures of digestion. 
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426 Diastase and Starch of Plant Tissues 
A number of objections may be urged at the outset. First: 
The method is not a quantitative one; the end point with iodine 
is not sharp and a considerable error is thereby introduced. 
Making all possible allowances for error in this direction does not 
however invalidate the general results—a given tissue is ten or a 
hundred times more active than another. 

Second: Many tissues already contain starch in Jarger or smaller 
amounts, and the presence of this starch must inevitably alter the 
time required for digestion to the achromic point. This error is 
in many cases a serious one. In many others however the starch 
grains are so resistant to the diastase that filtering the samples 
taken for tests removes them, and the solution then represents the 
original starch solution added. We have found a number of tissues 
where the reaction of the starch grains in suspension persisted hours 
or even days after the soluble starch solution had all been con- 
verted into dextrins which gave no iodine color reaction. 

Third: Very noticeable differences exist between the action of 
diastases of different origins. In some cases erythrodextrin is 
rapidly formed from the starch, and then persists for long periods 
of time. In others no erythrodextrin reaction develops; the solu- 
tion remains blue-reacting to the end, and merely decreases in 
intensity to the vanishing point. In others the steps from starch 
to erythrodextrin to achroédextrin are well defined and follow each 
other in approximately the same time. This difference is possibly 
an indication of a complex of enzymes in what is called “diastase,” 
one factor of which hydrolyzes starch, another erythrodextrin, 
etc. If, in a given tissue “Brei”’ the erythrodextrin-digesting 
enzyme is much more abundant than the starch-digesting, then 
the speed of the entire reaction will be expressive of the speed of 
that initial step of hydrolysis. The reddish color at the same time 
will never be appreciable, since the erythrodextrin will be hydro- 
lyzed as rapidly as formed. In other cases, where the initial step 
is rapidly taken but the dextrinase is wanting, the mixture rapidly 
assumes the red-staining stage and then very slowly or never 
passes on to the achromic point. 

Razor sections of the organs were stained with iodine, and where 
this reaction was negative or equivocal, samples of the “ Brei’’ were 
extracted with boiling water and the extract tested for starch. 













SPECIES 








Red beet. ..... 
Mangel........ { 
re | 
as hin ik ‘ 





Marrow squash 





Cantaloupe... ¢ | 
seed, mature 











TABLE I. 
aaa whipeT | —— 
per cent hours 
| leaf 0.70 
_pod and seeds 12.4 0.50 
| seeds, medium 24.6 0.50 
pods, medium 13.2 0.80 
seeds, mature 980.0 1.00 
seed, medium 23.2 6.00 
pod, medium | 5.00 
leaf | 15.4 0.50 
seed, medium)! 27.6 5.50 
pod, medium 14.8 5.50 
leaf —~—s« 18.0 0.25 
root 1.50 
leaf | 1.50 
'root, young | 13.4 ? 
leaf,young 10.6 48 .00 
leaf 72.00 
berry, mature | 72.00 
root, mature 5.6 | 0.70 
leaf, mature | 8.6 | 0.70 
root, medium 10.8 | 2.50 
leaf, medium | 22.50 
root, young ? 
leaf, young 1.25 
' root, mature 14.00 
leaf, mature 6.00 
root, mature ? 
leaf, mature 7.00 
root, medium 18.00 
tuber, medium 17.00 
leaf, medium. | 0.75 
seed, medium | 7.50 
husk, medium | 6.00 
_seed, mature | 6.50 
cob, mature | 6.50 
seed, young | 5.00 
cob, young | 6.50 
husk, young | 2.00 
seed, mature | 25.2 | 1.25 
pulp, mature | ? 
pulp, young | 48.00 
leaf, mature 0.50 
pulp, mature 72.00 


“om - 
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STARCH CONTENT 


None. 


| Small amount. 


| 


Medium. 


| Small amt. dextrin. 





Abundant. 
Abundant. 

Small amt. dextrin. 
Small amt. dextrin. 
Medium. 
Abundant dextrin. 
Small amt. dextrin. 
None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 


| Abundant. 
| None. 
| None. 





None. 
None. 


| None. 


None. 

None. 

Some dextrin. 
Very abundant. 
None. 
Abundant. 
None. 
Abundant. 
Small amount. 
Medium amount. 
Small amount. 
None. 

Medium. 
Abundant. 


| Abundant. 


| None. 


None. 
Small amount. 
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428 Diastase and Starch of Plant Tissues 
In the table the relative amounts of starch found are indicated. 
In general it is a fact that leaves contain starch. In some it is 
found always, in others only while photosynthesis is in rapid prog- 
ress. The fact that our plant tissues were usually secured early 
in the morning, before photosynthesis had gone on to any large 
extent, is probably the explanation of our failure to find starch in 
many of the green parts of plants. During the night, the starch, 
in such parts as the leaves, usually disappears. It is believed to 
be converted into sugar and removed by the sap to the organs of 
storage. 

About one hundred tissues were examined in this way. The 
results are very divergent. A few of the more striking figures 
are given in the table below. The publication of the rest would 
not add materially to the solution of the present problem. 

The above typical results, together with the mass of data unpub- 
lished, shows the following conclusions are warranted: 

First: Diastase is as a rule most abundant in the leaves, where 
starch is never stored permanently, but where it may be found in 
small amounts during photosynthesis. Leaves of different species 
exhibit very marked differences in their diastase content. The 
leaves of the bayberry, onion and leek contain so little of the 
enzyme as to be doubtful. On the other hand the leaves of the 
legumes were among the most active tissues examined. It is of 
interest to note that the leaves of the legumes were usually found 
to contain considerable starch or a dextrin-like compound, though 
there were several exceptions noted. 

Second: No general deductions can be drawn relating the dias- 
tatic activity of a tissue with its starch-storing function. We find 
plants like the beets and mangels, which store no starch in the root 
but instead store sugar, having a highly active leaf and no diastase 
in the root. Other plants like the radish and rutabaga and kohl- 
rabi, which also store sugar instead of starch in the root, are dias- 
tatically active in both leaf and root. The radish root is one of the 
most active tissues we have found, despite the fact that it contains 
only 5 per cent solid material, and yet no trace of starch could be 
found in the many samples examined. Other plants, like carrot, 
parsley and parsnip, lay up starch in the root which is diastatically 
active—in these cases more active than the Jeaf. The potato 
tuber is particularly rich in starch but rather poor in diastase. 
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In a very few cases tissues which were found to contain starch 
were so slightly active diastatically that they appear doubtful. 
The pulp of the marrow squash and the seed of the cantaloupe 
eventually carried digestion to the erythro stage, at which point 
it appeared to stop completely. Fresh mushroom tissues, after 
five days’ digestion, showed no definite change of color. Curiously 
enough, these same tissues ground up in alcohol, washed with 
ether and dried, developed considerable diastatic activity. Did 
the treatment activate a proenzyme? If so, and the evidence of 
the single series of observations suggests this, why should the 
rapidly growing fresh tissues, rich in the glycogen-like carbohydrate 
of the mushroom, show no diastase? In the developing mush- 
room, which frequently grows several inches in a few hours, and in 
which the glycogen transfer must be unusually rapid, one would 
expect to find diastase in abundance if that enzyme is necessary 
for synthesis. 

With the exception of these doubtful cases just mentioned the 
results of our series offer more favorable material to interpret 
from the standpoint of enzyme synthesis than any other investi- 
gation which we have made. The fact that practically all of the 
starch-storing tissues of plants are found to contain diastase, and 
that during the developmental stages as well as during sprouting, 
lends considerable support to the view that the enzyme is responsi- 
ble for the synthesis of the polysaccharide from the sugar of the 
sap. It must not be lost sight of however that even these favor- 
able results are by no means decisive; the data may be interpreted 
in a different way, and there is nothing in the experiments which is 
crucial. Furthermore if any of the doubtful cases cited should on 
further work prove to be actually negative, the value of the positive 
cases as favorable evidence for the theory would be entirely lost. 
At present, however, it appears to us that the strongest evidence 
for the theory is to be found in the relation of starch and diastase 
in the organs of plants. There are many tissues rich in diastase 
which never develop starch, but on the other hand there are no 
tissues which contain starch of which we can say that they are 
absolutely devoid of diastase. What the function of the diastase 
of tissues which never contain starch is, we have not even conjec- 
tured, but it seems quite possible, from the data, that those tissues 
which develop starch as a store of reserve material may synthesize 
the starch through the agency of diastase. 
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LACTASE OF THE MAMMARY GLAND. 








By H. C. BRADLEY. 
(From the Department of Physiology, University of Wisconsin.) 







(Received for publication, November 11, 1912.) 






In the preceding papers reporting investigations into the theory 
of enzyme syntheses in tissues, the results have been equivocal and 
difficult of interpretation. They have neither confirmed nor dis- 
proved the genera] proposition that enzymes assist in the synthetic 
production of ¢éompounds which they also hydrolyze. It is desir- 
able therefore to secure some more crucial] test of the theory. An 
organ or tissue whose chief function is synthetic and the products 
of whose synthesis are somewhat specific would make an ideal 
tissue to examine from this point of view. The active mammary 
gland is perhaps the best example of this sort of organ. It pro- 
duces considerable amounts of protein, carbohydrate and fat, and 
the protein and carbohydrate are quite specific. Neither casein 
nor lactose are found elsewhere than in milk, and the lactose 
requires a specific enzyme to hydrolyze it. The number of tissues 
which contain this enzyme are moreover very limited. As Plim- 
mer! has shown, intestinal mucosa and the pancreas of suckling 
mammals regularly contain the enzyme, while it is wanting in the 
adult pancreas and in most adult intestines. Its presence in sig- 
nificant amounts in the active mammary would therefore go far 
toward proving the theory under investigation. 

As a test of the theory we have therefore proposed the presence 
or absence of lactase in the active mammary cell. The hydrolytic 
action of the enzyme is much more easily demonstrated than its 
synthetic action, so that the failure of Porcher? to get synthesis 
of lactose from a mixture of gland “ Brei,’’ dextrose and galactose, 































1 Plimmer: Journ. of Physiol., xxxiv, p. 93; xxxv, p. 20, 1906. 
2 Porcher: Arch. internat. Physiol., xxiii, p. 356, 1909. 
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is not conclusive. His results merely indicate that under the con- 
ditions of dilution, ete., which obtained in his experiments rever- 
sion did not take place. Dilution may have prevented Porcher 
from finding a synthetic effect, but dilution should only facilitate 
the hydrolytic reaction of the enzyme. 

Active mammary glands were therefore obtained from animals 
suckling their young and at the height of lactation. Samples 
of the milk were secured in most instances and the presence of 
lactose demonstrated, as a preliminary precaution. The glands 
were ground to a fine “‘ Brei’”’ and diluted with a known proportion 
of water and were either allowed to autolyze over night under 
toluene or used immediately. The autolyzed and diluted “ Brei’’ 
was strained free from connective tissue shreds and a known 
amount of the mixture added to a solution of Kahlbaum’s C. P. 
lactose. A control digestion was checked at once by the addition 
of mercuric nitrate, prepared according to the method of Patein 
and Dufau,* or by boiling and then adding the mercuric nitrate. 
Other samples were allowed to digest from two to seven days under 
toluene at 37°. At the end of this period the proteins were removed 
by mercuric nitrate, the large excess of mercury precipitated in 
an aliquot of the protein-free filtrate by NaOH, and H.S run in 
to precipitate the remainder. Excess of sulphide was then re- 
moved by CuSO, and the solution made up to a definite volume 
and filtered. Sugar was determined in aliquots of this filtrate by 
the Allihn gravimetric method. Another aliquot of the sugar 
solution was then completely hydrolyzed by boiling with H.SO, 
for one hour, neutralized, made up to known volume and analyzed 
for sugar. Thus the reducing power of each solution was checked 
by its reducing power after hydrolysis—an extremely important 
point in the work, since it enables one to determine whether there 
has been destruction of either dextrose or lactose during the diges- 
tion period. The mere fact that the reducing power of the digest 
does not alter during a seven-day period is not of itself sufficient 
to prove the absence of lactase, since a concomitant destruction of 
sugar may have balanced the rate of hydrolysis. Nor would an 
increased reducing power of the solution alone be a proof of the 
hydrolysis of lactose, since liberation of a reducing substance in the 


3 Patein and Dufau: Journ. de pharm. et de chim., xv, p. 221, 1902. 
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gland ‘‘Brei’”’ itself is quite possible. The results of Plimmer may 
be subjected to valid criticism on this very ground, since increased 
reducing power of the digest was taken as proof of lactase, without 
determining also the amount of lactose remaining at the end of 
the digestion period. As a matter of fact we have found some indi- 
cations of both destruction of dextrose and of the liberation of 
reducing disaccharides in certain experiments. The check has a 
further value. In the precipitation of the proteins by the mercuric 
nitrate method the character of the precipitate is frequently differ- 
ent in different digestion flasks. Presumably too there is a differ- 
ence in the amount of sugar absorbed by such precipitates, so that 
several digestions made up with scrupulous attention to exact 
duplication of the amounts of sugar and “Brei’”’ present, will 
frequently show appreciable differences in the amounts of sugar 
present in the final filtrates. Such differences must be assumed 
therefore in the interpretation of results as experimental errors 
inherent in the process, and variations within such limits cannot 
be considered evidence of hydrolysis. If lactase is present at all, 
however, a digestion of seven days should show changes far 
beyond these experimental errors, and give unequivocal evidence 
of hydrolysis. 

In carrying out the details of this work we have followed the 
procedure described by Plimmer as closely as possible in order 
that our results might be comparable with his, and that some judg- 
ment might be made as to the amount of lactase present in the 
mammary gland compared with the tissues examined by him. 

EXPERIMENT I. October, 1911. Cat with four kittens, toward 
the close of lactation but still nursing the kittens. The milk con- 
tained a reducing sugar. The glands, dissected free from fat and 
connective tissue, weighed 35 grams. They were reduced to a fine 
‘“Brei” with the addition of toluene water and allowed to incubate 
at 37° for twenty-four hours. The “Brei’’ was strained, the resi- 
due washed and the mixture made up to 250 ec. with toluene water. 
Four digests were set up: 





I. 50 cc. ‘‘ Brei,’’ 100 ce. 5 per cent lactose solution ‘incubated 24 hours. 
II. 50 cc. ‘‘ Brei,’’ 100 ce. 5 per cent lactose solution : incubated 48 hours. 
III. 50 cc. ‘ Brei,’’ 100 cc. 5 per cent lactose solution: incubated 72 hours. 
IV. 50 cc. ‘‘ Brei,’’ 100 cc. 5 per cent lactose solution: boiled at once as 
control. 
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At the end of each digestion period 10 ce. of mercuric nitrate 
solution were added, the mixture allowed to settle in the cold 
over night and filtered. One hundred and twenty cubic centimeters 
of the filtrate were made exactly neutral to litmus with concen- 
trated NaOH and sufficient water added to make the total volume 
125 ec. The precipitated mercuric hydroxide was then filtered, 
and H.S passed into 100 ce. of the filtrate till the slight excess of 
mercury was removed. The excess of H.S was precipitated by the 
addition of copper sulphate and the mixture made up to exactly 
250 ec. and filtered. Sugar was determined in 25 cc. aliquots of 
this filtrate, which contains a very slight excess of the copper salt 
insufficient to exercise any appreciable effect upon the sugar deter- 
minations. The cuprous oxide was filtered on a Gooch, washed 
repeatedly with hot water, alcohol and ether, and dried at 105° 
foran hour. Duplicate results were obtained in each case. 

Fifty cubic centimeters of the final filtrate were hydrolyzed with 
the addition of 2 ec. of concentrated sulphuric acid, boiled for one 
or more hours, neutralized and made up to 200 cc. Sugar estima- 
tions on this showed the total available reducing sugar and thus 
the undigested lactose could be determined. 

The twenty-four and forty-eight-hour digests show a slight in- 
crease in reducing power, which is more than counterbalanced 
by a decreased total sugar. Our only explanation of this is the pos- 
sibility of some slight bacterial action unchecked by toluene. The 
seventy-two-hour digest shows little deviation from the control. 


TABLE I. 











TOTAL 
Cu20 avenaes | ,waname | RATIO 
| 


gram | 


1 0 0.4355 | 
0.4354 0.4355 | 0.6178 1.418 
2 24 0.4491 | | 
0.4470 0.4480 | 0.5704 | 1.273 
3 48 | 0.4411 | 
| 0.4405 | 0.4408 | 0.5832 | 1.323 
4 72 0.4352 |. | 
0.4345 0.4348 0.6000 1.379 










EXPERIMENT II. October, 1911. Goat in active lactation, 
secreting about 400 cc. of milk per day. The milk contained 
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lactose. One hundred and sixty grams of gland tissue were se- 
cured, ground fine, diluted and autolyzed over night. Liver 
tissue from the same ahimal was made up in the same way as a 


check. 
The results show no digestion of lactose. Where liver tissue 
is substituted for mammary there is a distinct loss of sugar. 


TABLE II. 


REDUCTION TOTAL 
PRESENT | AVERAGE | AVAILABLE | 


RATIO 


0.4357 | 0.6180; 1.419 | Mammary. 
0.4366 | 0.6200 1.420 | Mammary. 
0.4577 | 0.6252 1.366 Mammary. 
0.5674*| 0.7688 1.355 | Mammary. 
0.4715 | 0.6450 1.378 | Liver. 


0.4517 | 9.6152. 1.362 | Liver. 














* A stronger lactose solution was used in this digestion by mistake; the ratio clearly shows 
however that no digestion has taken place. 


EXPERIMENT III. November, 1911. Rabbit, twenty-four hours 
after dropping her litter. The glands were swollen and full of 
milk. Forty-five grams were ground fine, diluted to 250 cc. and 
autolyzéd over night. The strained mixture was made up with 
lactose as in experiment I. 

In Nos. 2 and 3 there is no evidence of a change of any kind; 
in 4, which was made distinctly alkaline to litmus with bicarbon- 
ate, there was a slight loss of sugar as shown by both the digestion 
and inverted sample. 

TABLE III. 


GLAND |REDUCTION| TOTAL ' 
PRESENT AVERAGE | AVAILABLE REMARKS 


per cent 





| 


18 | 0.3936 | 0.5360 1. | 
18 0.3939 | 0.5400 | | 
18 0.3928 | 0.5398. | 
| Alkaline with 
| NaHCO. 


18 | 0.3751 | 0.5276 | 





EXPERIMENT IV. December, 1911. Goat in the height of lac- 
tation. The milk was shown to contain lactose. Two hundred 
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and ninety-five grams of gland tissue were obtained. A 10 per 
cent Jactose solution was used. 

In this case there seems to have been a progressive liberation of 
sugar, more striking in the digestion to which blood had been 
added. The necessity of making a determination of the total 
available carbohydrate is clearly brought out in this instance, 
since an examination of the amount of reduction produced .by the 
digestions alone would seem to indicate hydrolysis. The ratio 
shows however that such has not been the case. 


TABLE IV. 


; : GLAND REDUCTION TOTAL e 
wo. nouns PRESENT | AVERAGE AVAILABLE. PATIO REMARKS 





| percent | 


‘2S 35 | 0.5450 0.8072 1.481 
: |) we 35 | 0.5762 | 0.8144| 1.413 
3 | 120 35 0.5918 | 0.8560 1.447 Blood present. 





EXPERIMENT V. February, 1912. Cow in the height of lacta- 
tion, killed as a demonstration of the tuberculin reaction. No 
macroscopic lesions were found in the mammary: gland, which 
weighed over three kilos. Five per cent lactose solutions were 
used in the digestion mixtures. 

Two and three were set up as duplicate digestions, the differ- 
ences between them indicate the extent of divergence between 
such duplicates which must be taken into account in interpreting 
results. In five, the ‘‘Brei’’ was allowed to autolyze for seven 
days, the lactose solution then added and action stopped at once 
with mercuric nitrate. The series seems to show a small increase 
in the total sugar content as well as a larger increase in the reduc- 
tion of the mixture before hydrolysis. That this is not a digestion 
of lactose itself is shown by Nos. 4 and 5. Comparing Nos. 1 
and 4 there is some indication of increased disaccharide content. 
It may be suggested that a mother substance of lactose is present 
in the gland cells, as was thought by Porcher, from which lactose is 
split off during the digestion period. Whatever the explanation, 
the fact that a disaccharide is produced during digestion from the 
gland cells, is of itself in direct opposition to the theory that lac- 
tase is responsible for the lactose of the milk. 
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TABLE V. 















GLAND REDUCTION TOTAL 
PRESENT AVERAGE AVAILABLE 





NO, HOURS RATIO REMARKS 








per cent 


35 0.4059 | 0.5738 1.414 
35 0.4033 0.5752 1.426 
35 0.4184 0.5804 1.387 | 
35 0.4220 | 0.6078 1.441 
35 0.4252 | 0.5800 1.364 Lactose added 
at end of diges- 


| tion. 
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EXPERIMENT VI. The mammary of the same cow was kept 
frozen hard at a temperature of about — 20°forsevera] days. While 
thus frozen it was possible to produce an exceedingly fine gland- 
snow with an ice shave. Another series of digestions were set up 
with this material, varying the reaction by the addition of bicar- 
bonate sufficient to make the mixtures slightly alkaline to litmus. 

The presence of alkali in the mixture leads to destruction of 
the sugar, though toluene was abundant in the mixtures and they 
were well shaken.every twelve hours to insure saturation through- 
out the mixtures. There was no evidence of putrefactive changes 
in any of the mixtures, though bacterial count was not made. It 
is possible that in alkaline reacting “Breis’ bacterial action was 
not wholly checked by the toluene, though this explanation of the 
destruction of sugar seems unlikely. In all the digests acidity is 
developed presumably through the action of lipase on the butter 
fats present. 

















TABLE VI. 


TOTAL a 
f SMARKS | 
AVAILABLE BATIO REMARK : 










GLAND 
PRESENT 


REDUCTION 
AVERAGE 









per cent 






1 0 | 35 | 0.3995 0.5772| 1.445 

2 96 35 0.3541 0.5052 1.427 

3 -— | 0.2735 0.3982 1.456 Alkaline. 

4 168 | 35 0.3731 0.5220. 1.402 
5 = =e 0.3201 0.4648 1.452 | Alkaline. 
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DISCUSSION. 


It is quite evident that under the conditions of these experi- 
ments no appreciable hydrolysis occurs. Therefore no lactase is 
present, for our only criterion of an enzyme is the demonstration 
of its activity. It is possible that a proenzyme normally present 
has not been activated, though conditions have been varied in the 
hope of producing such activation. Blood of the animal has been 
added to the mixtures, to determine whether it might not carry 
some kinase to the gland. Digestions have proceeded under 
neutral, slightly acid and slightly alkaline conditions. Sugar has 
been added at once to the freshly prepared gland-brei, and to 
“Brei’’ which has autolyzed for twenty-four hours. The result 
has been negative in each case. In certain digestion mixtures 
there has been an increased reduction observed as digestion con- 
tinued, which might have been mistaken for hydrolysis of lactose 
were it not for the control hydrolysis by acid. In such cases the 
evidence points to the formation of a reducing disaccharide rather 
than to the conversion of disaccharide to monosaccharides of greater 
total reducing power. It seems safe to assume that this disac- 
charide is lactose, developed from some mother substance already 
laid up in the gland cells at the time of death. This mother sub- 
stance may be analogous to glycogen, though the negative results 
of Porcher and other investigators makes this improbable; or it 
may be some more complex compound like a protein-lactose con- 
jugation. The very fact however that autolyzing mammary 
tissue develops a reducing disaccharide, presumably lactose, is 
itself strong evidence that lactose is not built up by the enzyme 
lactase in the active gland. 

There is further evidence that the production of lactose is not 
through the immediate agency of lactase. The secretion of milk 
is a violently eruptive process in which cells are ruptured and their 
contents poured out into the ducts. Following the manipulation 
of the teat by the suckling young, this eruptive secretion is set in 
motion by a reflex nervous mechanism. During the periods be- 
tween suckling, the milk precursors are stored in the mammary 
cells as is shown by the swelling of the whole gland. If lactase 
were present at the moment of secretion it would certainly be swept 
out of the cells along with the milk constituents and would appear 
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in the secretion. If it were present in the milk, dextrose and galac- 
tose would gradually appear in place of the lactose. But dextrose 
is not found in normal fresh milk, nor on standing a few hours or 
days does it appear. At the moment of secretion therefore we 
must conclude that the enzyme is not present. It is possible that 
mammary lactase is an enzyme which is destroyed almost as rapidly 
as formed, but such a hypothesis is wholly without foundation in 
data thus far collected. Lactase from other sources is apparently 
quite resistant. 

So far as this experiment goes, then, it gives no confirmation 
of the theory of enzyme syntheses. On the contrary it is so 
thoroughly negative in its results and so crucial in character that 
it must cast some doubt upon the general hypothesis. It appears 
justifiable to conclude that lactose of the milk is not synthesized 
through the agency of the enzyme lactase. 
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THE ACTION OF YEAST ON YEAST NUCLEIC ACID. 


By SAMUEL AMBERG anp WALTER JONES. 
(From the Department of Physiological Chemistry, Johns Hopkins University.) 


(Received for publication, November 12, 1912.) 


Upon a former occasion we showed that rabbit’s serum brings 
about a depression of the optical rotation of yeast nucleic acid 
without setting free either phosphoric acid or purine bases and 
apparently without causing any deep-seated chemical alteration of 
the substance. On the other hand thymus nucleic acid was found 
unchanged in any way by rabbit’s serum since not even an altera- 
tion of the optical properties could be observed.! In the meantime 
Levene and Jacobs? have been led to conclude that the two nucleic 
acids are quite dissimilar in their chemical constitution so that 
differences in their biological conduct are to be expected. 

We have recently had occasion to note a very marked difference 
in the behavior of these two nucleic acids towards various prepara- 
tions of yeast, having uniformly found that yeast nucleic acid 
disappears, while under the same conditions thymus nucleic acid 
persists. 

Experiments were made with a number of preparations, espec- 
ially brewer’s yeast, compressed yeast and yeast powder which 
we prepared by the method of Lebedew;* but the results were 
always the same in that thymus nucleic acid was unchanged and 
could be precipitated by the addition of sulphuric acid while 
yeast nucleic acid disappeared and its decomposition products 
could be found. Thus a 1.5 per cent solution of yeast nucleic 
acid was completely decomposed by compressed yeast extract 
in three days while a solution of thymus nucleic acid under the 
same conditions was apparently unchanged after digestion for 
nineteen days. In an experiment with extract of yeast powder 


1 Amberg and Jones: this Journal, x, ‘p. 81. 
2 Tbid., xii, p. 411. 
3 Zeitschr. f. physiol. Chem., \xxiii, p. 447. 
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a 4 per cent solution of yeast nucleic acid was completely decom- 
posed in three days while a 0.5 per cent solution of thymus nucleic 
acid was unaltered at the end of a month. 

The decomposition products of yeast nucleic acid obtained under 
the conditions stated are not without interest as will be seen from 
the following general summary of results. , 


| 
| 








COMPRESSED YEAST YEAST POWDER 
ES ane Me | Adenine and xan- Adenine and guan- 
| thine ine 
With addition of yeast nucleic) Adenine and guan- | Adenine and guan- 
- acid ine | osine 





It will be observed first, that where one is dealing with an 
R uninjured yeast preparation (as compressed yeast) and where the 
amount of nucleic acid to be decomposed is comparatively small 
(as in autolysis) the adenine group is set free but not deaminized 
while the guanine group is both liberated and deaminized. This 
may be defined as the normal condition for yeast and is in accord 
with the older findings that yeast contains guanase but no aden- 
ase. But the occurrence of adenine and the failure of hypo- 
xanthine among the products of auto-digestion of yeast are matters 
that are unique in nucleolysis. There are two paths along which 
hypoxanthine may be formed from yeast nucleic acid: the one 
by liberation and deaminization of adenine, a decomposition to 
which the presence of adenase is indispensable; the other, by 
the initial formation of adenosine which is transformed succes- 
sively into hypoxanthosine and hypoxanthine, a succession of reac- 
tions which can occur in the absence of adenase. 


i haere CsH,O4.CsH2N4(NHe) as CsH,O4.CsH2N,4(OH) 









4 | Adenosine Hypoxanthosine 
i O = PO.CsHs0..CsH:N«(NH2) 

a J PES AT a, | 

‘ HO oat . 

fi aa CsH3N4(N Hz) “a? CsH3N,(OH) 
Fragment of yeast nucleic acid Adenine Hypoxanthine 

—. Most animal tissues do not contain any adenase so that one 


of these paths of hypoxanthine formation is out of question; 


4Straughn and Jones: this Journal, vi, p. 245. 
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nevertheless all such tissues bring about a formation of hypo- 
xanthine from nucleic acid’ and evidently along the second path 
under consideration. But the yeast is characterized by its ina- 
bility to bring about a deaminization of the adenine group (whether 
this be free or in combination) and therefore cannot produce 
hypoxanthine from any of its purine precursors. It will be seen 
in the experimental part which follows that, no matter how the 
experiment is arranged, adenine is always formed, hypoxanthine, 
never. 

In the second place, it will be noted, that yeast powder which 
was prepared by manipulation of yeast has lost the power of 
converting guanine into xanthine, which is to say, the ferment 
guanase, normally present in fresh yeast, has been destroyed. 
We have had occasion to notice the easy destruction of guanase 
in other connections. For instance, a dog’s liver was perfused 
with large quantities of distilled water until all hemoglobin had 
been removed. An extract of this bloodless liver was found free 
from guanase although a second dog’s liver perfused with normal 
saline was found to possess the ferment unimpaired. In both 
instances hypoxanthine was found but no adenine. 

Finally, it may be observed that the end products of the action 
of yeast on yeast nucleic acid depend upon the initial amount of 
nucleic acid to be decomposed—a curious phenomenon which was 
produced both by fresh yeast and by yeast powder. Compressed 
yeast proceeds with a small amount of nucleic acid as far as xan- 
thine but when the initial amount of nucleic acid is considerably 
increased, guanine is found as the end product. Similarly, yeast 
powder can liberate guanine from a small amount of nucleic acid, 
while a larger amount of nucleic acid proceeds only as far as guano- 
sine. 

The isolation of purine derivatives and phosphoric acid from 
digested yeast preparations is much more difficult than in the 
case when one is dealing with glandular extracts; so that severe 
losses often occur in the estimation of the products of digestion. 
Nevertheless the results obtained are sufficient to establish the 
conclusions that have been stated. 


6’ Amberg and Jones: Zeitschr. f. physiol. Chem., \xxiii, p. 407. 
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EXPERIMENTAL PART. 





EXPERIMENT [. 300 grams compressed yeast; 1000 cc. water: digestion, 


i 19 days. . 
| _ Without 
685 cc. for purine bases. hydrolysis. 
; gram 
| SI Pe Ta LOPE ne ton — nee ere: 0.661 
ao, eo osu Cathars Aoee fo Reale eee Pena tere 0.117 
100 cc. for phosphorus. 


Mg.NH;.PO,4.6H2O 


9 w= 


EXPERIMENT II. 275 grams compressed yeast; 920 cc. water; 15 grams 
yeast nucleic acid: digestion, 19 days. 





. Without After 
400 cc. for purine bases. hydrolysis. hydrolysis. 
gram gram 
pe ee rr er re peer 1.115 1.237 
Ado: 4 cour ae ebaae sah taaa ka Katee 0.135 0.310 
ED cis sts 10s 5 430k ee kd eae oe 0.0 0.060 
Nd os A re a 3 a 0.0 0.0 
50 ce. for phosphorus. 
a rer eee 0.592 0.549 



















The increase in the amount of purine bases by hydrolysis may have been 
due to the presence of their precursors in the digested product, but it is 
likely that hydrolysis removed substances affecting the solubility of silver 
and copper compounds used in the isolation. 


EXPERIMENT III. 100 grams compressed yeast; 300 cc. water; 375 mgm. 
guanine chloride: digestion, 19 days. 


Without 
250 cc. for purine bases. hydrolysis. 
gram 
I cto as cu cen ca pckwacvitek crabese fe ede nea cnn 0.111 


Sake cose Peat Tad bee eu ed awn di do Odd Cones bcc kay eeee 0.0 
Xanthine (loss through accident) 
Hypoxanthine 


S ae Ser 


EXPERIMENT [V. 100 grams compressed yeast; 300 cc. water: digestion, 


4 8 days. 

| After 

u hydrolysis. 

4 gram 

H nn NE, SARS. eget e Mea EO eo ieee E Te 0.365 

I Si. s.ci- ds, «nye ecriaiales nin aR MRO Gis iis bodes Cael 0.064 
Xanthine..... OS yy ks age pea Te DAMS 1h hada ated vo eee 0.083 


Ee Pr PP et eS A PER Ae OBS rr yc: 0.0 
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EXPERIMENT V. 100 grams compressed yeast; 300 cc. water; 300 mgm. 
guanine chloride: digestion, 8 days. 






After 
hydrolysis. 


gram 
PIN, lid Soni EW ede BSB SSS Sa bs beds a cad 0.217 
GRRE 23s Sadr sides Oude cebemiesce 4UEK Sunes schad 









EXPERIMENT VI. 150 grams yeast powder; 750 cc. water: digestion, 10 









days. 
Without After 
200 cc. for purine bases. hydrolysis. hydrolysis. 
gram gram 4s 
PI ecco aes i cites basanss neces 0.141 0.360 is 
es ee kate cic éw eas adeane ib trace. 0.189 a 
IN cit 20s ck pi leeeebitiedesu cute netews 0.0 trace. if 
; SEE Pe eee ae ar 0.0 0.0 
20 cc. for phosphorus. 
MII fo civ cae ced hewecgee ce 0.347 0.370 : 






EXPERIMENT VII. 150 grams yeast powder; 750 cc. water; 26.5 grams 
yeast nucleic acid: digestion, 10 days. 

The product proved difficult to handle. After a number of attempts 
at filtration and centrifugation in which a large amount of the material 
was either lost or abandoned, a small quantity of perfectly transparent 
fluid was finally obtained, but what proportion of the entire material was 
contained in this fluid we are unable to state. The solution was treated 
by the method of Levene and Jacobs® as follows. Neutral lead acetate 
was added to the boiling hot fluid and the filtrate from the lead precipitate 
thus formed was treated with additional lead acetate and ammonia. This 
second lead precipitate was decomposed with sulphuretted hydrogen, the 
filtrate from the lead sulphide evaporated under diminished pressure and 
the macrocrystalline substance which deposited from the concentrated 
fluid by cooling to zero was washed first with cold water and then with al- 

’ cohol. After a second crystallization from 80 per cent alcohol the material 
was dried in a desiccator and weighed. The yield was 0.928 gram of guano- 
sine. The most perfect crystals of the substance were obtained by treat- 
ing a hot solution in water or 10 per cent alcohol, with enough acetone to 
produce a turbidity, and allowing it to cool. The substance consisted of 
perfectly white aggregations of fine needles with pearly lustre and could ; 
not be distinguished in any way from guanosine prepared by the neutral 

ig 
; 
















hydrolysis of yeast nucleic acid under pressure. It did not contain any 
phosphorus. 














6 Levene and Jacobs: Ber. d. deutsch. chem. Gesellsch., xlii, p. 2474, 2703; 
Levene and La Forge: zbid., xliii, p. 3150. 
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0.1738 gram substance required 11.33 cc. of standard sulphuric acid (1 
cc. = 0.00331 gram nitrogen). 


Calculated for 
CsHsNsO.CsH901.2H20: Found: 
DE a eae kt kawee her eeeeneeuns 21.94 per cent. 21.52 per cent. 


500 mgm. of substance were hydrolyzed with 5 per cent sulphuric acid. 
On cooling, the solution deposited colorless transparent crystals of guanine 
sulphate, and a drop of the supernatent fluid gave a strong reduction with 
Fehling’s fluid with production of red cuprous oxide (d-ribose). The crystals 
of guanine sulphate were gotten again in solution by heating and the guan- 
ine was precipitated with ammonia. 0.238 mgm. guanine was obtained. 

Theoretical guanine from guanosine, 47.3 per cent; found, 47.6 per cent. 

The guanine after weighing was converted into various derivatives in- 
cluding the characteristic chloride and was thus thoroughly identified. 

The ammoniacal filtrate from guanine after removal of the ammonia 
by boiling produced no precipitate with picric acid. The substance under 
discussion is guanosine beyond doubt. 


We go somewhat into detail concerning this matter because we 
believe no one has hitherto described the isolation and identifica- 
tion of guanosine formed by the action of ferments on yeast 
nucleic acid. Of course guanosine could not be formed from thym- 
us nucleic acid. Recently, Schittenhelm, London and Wiener 
examined the products of the action of intestinal juice on thymus 
nucleic acid and report the more or less certain finding of 
guanylic acid, guanosine and adenosine.’ Levene and Jacobs® 
undertake to clear up the apparent discrepancy in the following 
language “Schittenhelm, London and Wiener have thought that 
they obtained guanosine on the digestion of thymo-nucleic acid 
by intestinal juice. The substance isolated by them gave the 
orcin test and had the appearance of guanosine. However, thymo- 
nucleic acid contains no pentose and therefore cannot yield guano- 
sine (guanine riboside). Undoubtedly the nucleic acid employed 
by them was contaminated with guanylic acid. This consider- 
ation does not vitiate in any way the conclusion of those writers 
concerning the mechanism of nucleolysis .”” As we 
are inclined to believe that the considerations of Levene and 
Jacobs do rather profoundly affect the conclusions of those writ- 
ers, we may be permitted to ask if the adenosine obtained by 
Schittenhelm, London and Wiener also undoubtedly resulted from 
the guanylic acid with which their specimen was contaminated. 


7 Zeitschr. f. physiol. Chem., |xxii, p. 459. 
8 This Journal, xii, p. 377. 
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Rubner! made experiments upon an American dwarf calling 
himself ‘General Mite’? who was twenty years old and weighed 
only 6.6 kilograms. This corresponds to the weight of an infant 
at the breast. The individual in question ate a mixed diet and 
behaved in general like an adult. He exhibited himself in public, 
as a professional freak, dancing and singing. He produced daily 
531 calories or 80.5 per kilogram of body weight, which may be 
contrasted with 70.1 calories per kilogram of body weight in an 
infant at the breast weighing 5.4 kilograms as determined by 
Rubner and Heubner. Per square meter of surface the active 
dwarf produced 1231 calories whereas the more quiet child pro- 
duced 1006. An infant given cow’s milk produced 1143 calories 
per square meter of surface. Rubner found in these figures the 
proof that size and not age determined the intensity of the me- 
tabolism. 












EXPERIMENTAL PART. 





The individual upon whom the following experiments were 
performed was a patient living at the Rockefeller Hospital for 
Medical Research who was brought to this laboratory for intro- 
duction into the calorimeter. His condition was that described 
by C. A. Herter? as intestinal infantilism. His metabolism as indi- 


2 RET mere NBR AE | men 
Pe inlet A ae 
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1 Rubner: Biologische Gesetze, Marburg, 1887, p. 10; Beitrdge zur Erndh- 
rung im Knabenalter, 1902, p. 45. 
2 Herter: On Infantilism from Chronic Intestinal Infections, 1908. 
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Metabolism of a Dwarf 





NON-PROTEIN CALORIES 


TIME CO: O: |R.Q. HO | URN 
CO2 Oz R. Q. 


EXPERIMENT NO. 


protein 


Protein 
Non- 


1911 p.m, grams | grams grams gram | grams grams 
April 6 1 .34-2.34 | 12.02 11.34, 0.77 26.08 0.211, 10.05 9.56 0.76 | 5.59 31.79 
34 


1.34-2 
2.34-3.34 | 11.98 9.66) 0.90 26.93 0.211 10.01 7.88 | 0.92 5.59 | 27.32 














.04-2.34 12.05 11.27) 0. 17.05 0.230 9.90 9.33 0.77 6.10 | 31. 
.34-3.34 11.52 9.87 0.85 18.74 0.230 9.37 7.93 0.86 6.10 | 27.06 





bo 













a.m. | | 
April 8 3 11.10-12.10 10.00 9.52 0.76 16.14 0.162 8.49 8.15 0.76 | 4.29 | 27.09 
12.10-1.10 9.90 8.97 0.82 16.88 0.162 8.39 7.60 0.80 , 4.29 | 25.45 


| 
| 


0.84 | 4.69 | 32.60 





April 21. 4 | 11.02-12.02 12.67 11.10 0.83 18.94 

















| 0.177 11.02 9.60 | 
| 12.02- 1.02 11.20 9.36 0.87 24.42 0.177 9.55 7.86 0.88 | 4.69 | 26 .95 

noon | | | | 
May 1. 5° 12.00-1.00 11.96 10.26, 0.85 28.91 0.179 10.29 8.75 0.85 | 4.74 ) 29.76 
1.00-2.€0 | 11.69, 9.55 0.89 | 24.41 0.179 10.02 8.04 0.91 | 4.74 | 27.79 





cated by analyses of his urine and feces has already been elsewhere 
reported by one of the writers.* The individual J. P. was seven- 
teen years old, 113.3 centimeters high and weighed 21.3 kilograms 
naked. This gave him a calculated surface area of 0.946 square 
meters. He was accustomed to laboratory procedures. Introduc- 


? tion of the electrical resistance rectal thermometer and the subse- 
4 quent hours spent in the calorimeter were in no way disturbing to 


him. He lay on a mattress placed on the floor of the calorimeter, 
his head resting on a pillow. He was provided with illustrated 
periodicals which he usually read during the first hour of the 


3 McCrudden: Journ. of Exp. Med., xv, p. 107, 1911; MeCrudden and 
Fales: ibid., xv, p. 113, 1912. 
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a dwarf, J.P. 


SM of 











tIES CALORIES BODY TEMPERATURE 


MORNING WEIGHT 




















> g Z BEHAVIOR FOOD 
= = =| 2 
Za SO Be it. q a 
kgm. 

31.798 37.38 36.68 37.40 37.31—0.09 21.3 Asleep 12 min. No breakfast. At 11.30 a.m. 20 
27.398 32.91 32.72 37.10 —0.21 Asleep or quiet. grams rice made into a pudding 
70.29 69. with cream and sugar. 

31.18 37.28 37.19 37.03 —0.16 Quiet and reading. No breakfast. At 11.30 a.m. 123 
7.068 33.16 36.92 —0.11 Quiet. grams tenderloin steak (= 4.2 

70.44 | ¢ grams N). Refused to eat more. 
709M 31.3! 37.15\—0.13 Quiet. No breakfast. No food. 
5.459 29.74 36.95 —0.20 Quiet. 
61.12 | 
2.608 37.29 32.33 37.26 37.20 —0.06 Quiet and reading. Breakfast at6.30a.m. One glass 
6.958 31.64 34.7 37 .08 —0.12 Quiet. milk, toast and one-half an 
68.93 67.03 orange. 
9.758 34.50 33.98 36.91 36.47 —0.44 Awake. Customary breakfast 
1.798 32.53 30.87 36.31 —0.16 Awake and asleep. (no record). 






67.038 64.85 














experiment after which he fell asleep or remained perfectly 
quiet. 

The analytical results were obtained at an environmental tem- 
perature of 26° to 27° and are presented in Table I. 








The basal metabolism. 






As in the case of the determination of the basal metabolism 
of Dog II, this experiment was made about eighteen hours after 
the ingestion of the last meal. The dwarf partook of no breakfast. 
He complained a little of weakness. He was quiet throughout 
the experiment, the results of which were as follows: 
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Experiment 3. Metabolism of J. P., eighteen hours after food ingestion. 
ss CALORIES 
TIME “—" suorgrn ee i T om 
| . R. Q. Protein | my 
| protein | calculated 





a.m. 
11.10-12.10 : 4.29 | 27.09 | 31.38 
12.10- 1.10 | O. : 4.29 | 25.45 | 29.74 


| 61.12 

















These figures show an average basal metabolism of 30.56 cal- 
ories per hour. Calculated for the day the total heat production 
would be 733 calories, or 29 per kilogram of body weight and 775 
per square meter of body surface. This last figure corresponds to 
those representing the basal metabolisms of Dog I (weight = 
13.8 kgm.) and Dog II (weight = 9.3 kgm.) which were 759 and 
784 respectively. All these figures agree within 3 per cent and 
the results show the verity of Rubner’s law of skin area but place 
the amount of heat eliminated at a lower level than Rubner’s 
figures indicate. This is because the experiments were performed 
when food was absent from the intestine and a condition of com- 
plete rest and absence from thermal influences prevailed. Sim- 
ilar results may be calculated from Rubner’s* own observations 
(Experiments 39-40) on a well-trained quiet dog weighing 4.6 
kilograms which, during the first and second days of fasting, was 
kept at an environmental temperature of 33°. The surface area 
of this dog may be calculated to be 0.3079 square meter and 
the heat production at 746 and 752 calories per square meter of 
surface on the first and second days of fasting. 

It is apparent from this that the basal metabolism is a truer 
starting point for comparative studies as regards the law of skin 
area than are experiments which include mechanical work, thermal 
influences and the results of food ingestion. 

From Benedict’s monograph on Inanition,’ one may estimate 
the basal metabolism in man as calculated from a night period 
extending from 1.00 to 7.00 a.m. and beginning thirty hours after 
the last ingestion of food. The following table shows the basal 


4Rubner: Die Gesetze des Energieverbrauchs, 1902, p. 323. 
5 Benedict: Metabolism in Inanition, Carnegie Institution of Washing- 
ton, 1907, pp. 480-83. 
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metabolism of various individuals, founded on the heat production 
per square meter of surface calculated for twenty-four hours. 






Table showing calories per square meter of surface in twenty-four hours based 
upon the minimal night metabolism from the thirtieth to thirty-sixth hours 
__ of fasting in man. 






| | 
PER SQUARE | 








EXPERI- | 



































Pa | INDIVIDUAL | Phan oe | ”. ..... | BEHAVIOR 
| | kgm | calories 
59 | B.F.D. | 67.8 | 834.8 | Good sleep till 6.35 a.m. 
68 A.L.L. | 72.9 | 809.5 | Asleep. 
69 A.L.L. | 73.8 | 905.7 | Not stated. 
71 | S.A.B. | 58.2 | 771.8 | Asleep. 
73 S.A.B. | 59.1 | 856.3 | Asleep till 3.30 then awake 
| | every hour. 

75 S.A.B. | 59.5 | 858.2 | Slept fairly well. 
77 S. A. B. 61.6 | 893.8 | Felt too warm all night. 
79 H. E. 8. 57.2 | 1015. | Got up at 2.24 a.m. thinking 

| | it morning. Sick at stom- 

| ach when he got up. 
80 C. R. Y. 69.3 940.4 No record. 
81 A. H. M. 62.0 | 738.8 Slept well all night. 
82 | H.C. K. 71.5 | 886.2 Awoke early. & 
83 | H.R. D. 55.6 | 954.4 Sound sleep. Awake once. ; 
85 N. M. P. 67.6 | 935.1 Woke up twice. Pneumo- 4 

graph uncomfortable. " 
89 D. W. 79.1 | 865.6 | Woke up at 3.45 a.m. Dozed 

| after this. . 








Benedict on p. 56 states of the experiment on A. L. L. ‘‘fasting experi- 
ment made under conditions ideal for obtaining minimum muscular activ- 
ity’’ and on p. 107 he describes subject 8. A. B. as being of ‘‘highly nervous 
temperament.”’ 








In experiments 59, 68, 71, 81 and 83 the individuals slept soundly 
all night. In the last named experiment (No. 83), the heat pro- 
duction was exceptionally high, 954 calories per square meter of 
surface. In the other four experiments the values 835, 809, 772 
and 739 are found to average 789 calories per square meter of 
surface. The variation amounts to the considerable figure of 13 
per cent, but the average is equal to the heat production found 
in our experiments. 

The total heat production of the dwarf, therefore, conforms 
to Rubner’s general law of skin area, which is a fundamental law 
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of metabolism. Only in the case of infants has exception to 
this law been found. Howland® has shown that the metabolism of 
sleeping infants eighteen hours after food ingestion reaches 1100 
calories per square meter of surface, indicating a higher heat pro- 
duction in the youthful protoplasm than is present in the adult. 

As regards the kind of energy yielding material oxidized by 
the dwarf, it is noted that 14 per cent of the energy of metabolism 
is derived from protein and 86 per cent from fat and carbohydrate, 
a proportion which is entirely normal. 


The effect of food ingestion. 





4 Several experiments were performed to note the effect of food 
ingestion. On one morning no breakfast was taken until 11.30 
a.m. avhen a large tenderloin steak was given. Of this only the 
equivalent of 123 grams of fresh lean meat was eaten, with a 
nitrogen content of 4.2 grams. This small quantity hardly raised 
the nitrogen elimination in the urine and caused no pronounced 
effect upon metabolism. A summary of all these experiments is 
presented below. 


Metabolism of J. P. after food ingestion. 


CALORIES 


* TIME — ZC | Non- Total | potal FOOD 
; # aA zoe anane protein — found 
| p.m. | 
1 1.34-2.34 0.211 0.76) 5.59 | 31.79 37.38 36.68 Carbohydrate 
.34-3.34 0.211 0.92 59 27.32 2.7% and fat at 11.30 













a.m. 


Meat at 11.30 a.m. 



















7 0.84 | 4.69 32.60 37.29 32.33 Breakfast at 6.30 
7 0.88 | 4.69 26.95 31.64 34.70 a.m. 

| 68.93 67.03 

+ noon 

4 5 | 12.00-1.00 0.179 0.85 | 4.74 29.76 34.50 33.98 Breakfast. 
4 1.00-2.00 0.179, 0.91 | 4.74 27.79 32.53 30.87 

67.03 64.85 








6 Howland: Zeitschr. f. physiol. Chem., \xxiv, p. 1, 1911. 
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In the four experiments cited above the calories of the protein 
metabolism amount to 16, 17, 14 and 15 per cent of the total 
metabolism which indicates the presence of entirely normal con- 
ditions. 

The results presented naturally fall into two divisions, (1) the 
first hours during which illustrated papers or a book were being 
read prior to complete relaxation or sleep and (2) the second hours 
during which the boy was quiet or asleep throughout the period. 

During three experiments the calculated heat production dur- 
ing the first hour was 37.38, 37.28 and 37.29 calories per hour, 
an average of 37.33 calories. During the second more quiet hours 
the heat production fell to 32.91, 33.16, 31.64 and 32.53 calories, 
an average of 32.55. Comparing these figures with the value 
of the basal metabolism the following results are obtained. 


INCREASE 
CALORIES 
Calories Per cent 


30.56 


32.55 +1.99 6.6 
Metabolism reading papers in bed.. 37 .33 +4.78 14.7 


The experiments therefore led to the conclusion that the influ- 
ence of small quantities of ingested food is to increase the me- 
tabolism by 6.6 per cent, whereas muscular work attendant upon 
reading in recumbent position causes a still further increase of 
14.7 per cent. The influence of very moderate muscular activity 
is shown pronouncedly. 

Calculated on the basis of twenty-four hours the metabolism 
may be measured as follows: 


CALORIES IN 24 HOURS 


Per square 


rots er k ‘ 
Total Per kilogram meter of surface 


Basal metabolism.................. 733 33 775 
Metabolism, reading after food..... 896 42 947 


The authors gratefully acknowledge the assistance of Dr. H. 
B. Williams and Mr. J. A. Riche in the performance of this work. 
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CONCLUSIONS. 


A dwarf, suffering from infantilism, seventeen years old and * 
weighing 21.3 kilograms had a basal metabolism of 775 calories 
per square meter of surface in twenty-four hours which may be 
contrasted with 759 and 784 in two dogs of different weights. 

The basal metabolism was increased 6.6 per cent as a result of 
the ingestion of food, and this again was increased by 14.7 per 
cent when the boy was reading illustrated periodicals in bed. 

The protein metabolism yielded the normal proportion of 15 
per cent of the total calories of heat production. 

Nothing abnormal could be detected in the metabolic processes 
of the individual, as determined from these calorimetric observa- 
tions. 





ON THE REFRACTIVE INDICES OF SOLUTIONS OF 
CERTAIN PROTEINS. 


VIII. GLOBIN. 


By T. BRAILSFORD ROBERTSON. 


(From the Rudolph Spreckels Physiological Laboratory of the University of 
California.) 


(Received for publication, November 16, 1912.) 


A. THE PREPARATION OF GLOBIN.! 


Globin was prepared from ox corpuscles by three different modi- 
fications of the method of Schulz? as follows: 

A thick suspension of ox corpuscles was obtained from freshly 
defibrinated ox blood by centrifugalization, the volume of the 
suspension being about one-third that of the blood from which 
it was derived. 

After pipetting off the supernatant serum the suspension was 
diluted to the original volume of the blood from which it was 
derived by the addition of ¥ NaCl solution, and the centrifugali- 
zation was repeated, the supernatant fluid being removed as 
before. This was repeated six times in order to free the corpuscles 
from adherent serum. After the last centrifugalization the cor- 
puscle suspension was not diluted again with NaCl. 

The thick suspension of corpuscles which was thus obtained 
was diluted to ten times its volume by the addition of distilled 
water, the corpuscles were thus “laked’’ and the contained haemo- 
globin was discharged into the water, forming a clear solution 
which was allowed to stand in tall glass vessels for twenty-four 
hours in order to permit the leucocytes to settle. The upper 
portion of the fluid was then decanted and employed, the lower 
portion of the fluid being rejected. 


1 T am indebted to Dr. Charles B. Bennett for assistance in some initial 


attempts to prepare this substance. 
2Fr. N. Schulz: Zeitschr. f. physiol. Chem., xxiv, p. 449, 1898. 
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It has been shown by Preyer,* Schulz* and others that the 
addition of a sufficient concentration of acid to a solution of 
haemoglobin results in its decomposition into haematin and a 
protein, globin. The former of those substances is readily solu- 
ble in acidified ether, hence this decomposition affords a means 
of preparing globin and separating it from haematin. Schulz 
points out, however, that the concentration of acid employed to 
bring about the decomposition of the haemoglobin is of great 
importance in determining the completeness or otherwise of the 
subsequent extraction of the haematin by ether, and my own 
experiments abundantly confirm this observation. If too small 
a quantity of acid be employed the haematin is only very incom- 
pletely removed from the aqueous layer by extraction with ether. 
If too large a quantity of acid be employed the globin is denatured 
and forms with the ether a species of gel leaving the subnatant 
aqueous layer clear and colorless but free from globin.’ I have 
in no instance been able to obtain a perfectly colorless aqueous 
layer which still contains globin in a form precipitable by 
ammonia. 

Preliminary experiments with the solution of corpuscles described 
above showed that the addition of 0.25 equivalent of HCl per 
liter afforded the best results. ‘The aqueous layer was still con- 
siderably colored, but 0.38 equivalent, while permitting almost 
all the color to be extracted from the aqueous layer, also caused 
the greater part of the globin to leave the aqueous layer.6 On 
the other hand, 0.13 equivalent left the aqueous layer, after 
extraction with ether, very deeply colored and the separation 
into two layers was also very incomplete. 

Accordingly 2.5 liter portions of the corpuscle solution were 
placed in six-liter bottles, to the contents of each bottle were 
added 56 ec. of concentrated HCl (specific gravity 1.18) and the 
mixture was thoroughly shaken and allowed to stand at room 


§ Preyer: Die Blutkrystalle, Jena, 1871. 

4Fr. N. Schulz: loc. cit. 

5 That is, failing to yield a precipitate upon the addition of ammonia. 

6 Dr. Charles B. Bennett finds that once the decomposition of the haemo- 
globin into globin and haematin hydrochloride has been brought about 
by hydrochloric acid, calcium chloride added to the aqueous layer has the 
same effect upon the partition of haematin and globin between the ether 
and water as hydrochloric acid itself. 
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temperature for one hour. The addition of the acid caused a 
flocculent precipitate to appear and the mixture turned dark 
brown. Two and a half liters of ether were then added to each 
bottle and the contents were shaken thoroughly until they attained 
a thick oily consistency. Rubber stoppers with two perforations 
were then fitted into the necks of the bottles. Through one per- 
foration was inserted a long glass tube reaching to the bottom of 
the bottle, to act subsequently as an air inlet, and through the 
other was inserted a short tube, just reaching to the bottom of 
the stopper and provided with a rubber tube and _ pinchcock. 
The stoppers were then tied down and the bottles quickly inverted 
and allowed to stand at room temperature for twenty-four hours. 

By the following day the contents of the bottles had separated 
into two layers, an upper, jelly-like, very deeply colored ether 
layer and a lower, still somewhat deeply colored aqueous layer 
measuring about 1.7 liters. The latter was drawn off through the 
shorter of the two tubes inserted through the stoppers. 

An attempt was made to further decolorize this fluid by adding 
to it more acid and then repeating the extraction with ether, with 
the very peculiar result, that the addition of more acid, far from 
favoring the extraction of haematin by the ether, was found to 
actually diminish the amount of haematin taken up by the ether. 
In fact the addition of 0.05 or 0.10 equivalent per liter of HCl 
and subsequent extraction with an equal volume of ether resulted 
in a very rapid separation into an almost colorless ether layer and 
a still highly colored water layer; yet, as the experiments cited 
above show, had this acid been added before the first extraction 
it would have led to a more complete extraction of haematin and, 
in addition, to the inclusion in the jelly-like ethereal layer of the 
greater part of the globin. It seems that the ethereal extract of 
the original solution of blood-corpuscles must contain some sub- 
stance or substances which enhance the solubility of haematin 
hydrochloride in ether and that when these are removed, although 
de-emulsification of the ether solution mixture is accelerated by 
acid, the power of the ether to take up haematin from the water 
is diminished. 

On shaking up the still dark-colored solution with ether with- 
out any further addition of acid, de-emulsification of the mixture 
was extremely slow. I accordingly adopted the device employed 
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by Schulz,’ namely, that of adding to the ether one-quarter of 
its volume of alcohol. This resulted in quick separation of the 
mixture, after shaking, into two layers, an upper, ether-alcohol 
layer which was deeply colored and a Jower aqueous layer some- 
what less colored than before. 

To 2 liters of the watery layer derived from the first extraction 
were added 2 liters of ether and 500 cc. of alcohol, and the mix- 
ture was thoroughly shaken. After allowing it to stand for a 
short period the watery layer was drawn off and the extraction 
repeated twice. After the last extraction the watery layer had 
become a pale opaque brown and the ether layer was only slightly 
ps colored. The watery layer was now diluted to ten times its vol- 
4 ume by the addition of distilled water, and 150 cc. of a 20 per cent 
solution of ammonia were added. A precipitate appeared which 
F quickly redissolved but on adding a nearly equivalent amount of 
f HCl it reappeared, thus confirming the finding of Schulz that 
i globin is insoluble in dilute ammonia in the presence of a suffi- 

ciency of ammonium chloride. This precipitate was collected upon 
‘ a hardened filter-paper, washed in large volumes of alcohol and 
7 ether’ and dried over H2SO, at 36°. After twenty-four hours it 
was pulverized, passed through a fine sieve and returned to the 
incubator to dry over H2SO, for one week. The yield from 2 
liters of the aqueous layer obtained after the first extraction, 
‘ corresponding to 3 liters of the original corpuscle solution or 300 
7 ee. of the corpuscle suspension (= about 900 cc. of blood) was 
i 4.2 grams. 
; Globin was thus obtained in the form of a light very friable 
greyish powder, readily soluble in dilute (5) acids and alkalies, 


re eases Pan 
























7 Loc. cit. 
i 8 According to Schulz (loc. cit.), globin, after washing with alcohol and 
+ ether and drying, is much less soluble in dilute alkalies and acids than 
normal globin. I have not observed this. It is true that dry globin dis- 
solves much more slowly than wet globin, but this is a perfectly general 
phenomenon with proteins (cf. T. Brailsford Robertson: Die physikalische 
Chemie der Proteine, Dresden, 1912, p. 75) and is due simply to the fact 
that time is consumed in the penetration of the dry sponge-like particles 
of dehydrated protein by the solvent. (Cf. T. Brailsford Robertson: ibid., 
p. 249.) I find, however, that if dry globin be brought into contact with 
dry acidified alcohol containing 0.1 equivalent of HCl per liter (prepared 
by passing dry HCl gas into absolute alcohol) not only does it fail to dissolve 
but it is. rendered insoluble in dilute aqueous solutions of acids. 
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yielding, at a concentration of 2 per cent, light brown solutions. 
This substance will be referred to as Preparation I. 

I observed that on adding to the watery layer obtained from 
the first extraction four volumes of a mixture of equal parts by 
volume of alcohol and ether, a light-colored precipitate of globin 
resulted, leaving the fluid very deeply colored, although the addi- 
tion of four volumes of alcohol alone did not produce a precipitate. 
Accordingly to 1-liter portions of the fluid derived from the first 
extraction I added 2 liters of ether and 2 liters of alcohol. After 
allowing the precipitate to settle, which it did with tolerable 
rapidity, and decanting the greater part of the supernatant fluid, 
it was collected on a hardened filter, thoroughly drained, washed 
twice with 1 liter of alcohol and twice with 1 liter of ether within 
an incubator at 36° over H2SO, and then dried in the incubator 
for from eighteen to twenty-four hours; at the end of which time 
it was pulverized, sifted and then returned to the incubator to 
dry for a week. 

Three 1-liter portions of the watery layer derived from the 
first extraction with ether were treated in this manner. The total 
yield from this fluid, corresponding to 4500 cc. of the original 
corpuscle solution, 450 cc. of the corpuscle suspension and about 
1350 cc. of blood, was 37 grams. 

Globin was thus obtained in the form of a coarse brown powder, 
readily soluble in dilute acids and alkalies, yielding, at a concen- 
tration of 2 per cent, solutions somewhat more highly colored than 
those yielded by the preparation previously described. This sub- 
stance will be referred to as Preparation II. 

The alcohol-ether precipitate of globin, prepared in the manner 
described above, is readily soluble in dilute HCl and precipitated 
from this solution by ammonia. 

Accordingly the globin from 1-liter portions of the watery layer 
derived from the first extraction with ether was precipitated by 
four volumes of alcohol-ether mixture, the precipitate collected 
upon a hardened filter, washed with 1 liter of alcohol, drained 
and then scraped off the paper and dissolved in 1 liter of 75 HCl. 
This solution was then diluted to 4 liters, and 20 per cent ammonia 
solution carefully added until a precipitate just appeared (11 cc.). 
One cubic centimeter more of the strong ammonia was then added 
and the dense flocculent precipitate collected upon a hardened 
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filter. 1t filtered rapidly, the filtrate being pale yellow. The 
precipitate was then washed in alcohol (1 liter), aleohol-ether mix- 
ture (1 liter) and ether (2 liters), the washings with alcohol-ether 
mixture and ether being conducted within an incubator at 36° 
over H.SO,. After draining, the precipitate was allowed to dry 
for twenty-four hours and then pulverized and sifted and returned 
i to the incubator to dry over H2SO, for one week. 

Two 1-liter portions of the water layer derived from the first 
extraction with ether were treated in this manner. The total 
yield from this fluid, corresponding to 3 liters of the original cor- 
| puscle solution, 300 cc. of the corpuscle suspension and about 
. 900 ec. of blood, was 20.6 grams. 

Globin was thus obtained in the form of a very pale saffron- 
colored, light, friable powder, readily soluble in dilute acids and 
alkalies, yielding at a concentration of 2 per cent, light brown 
solutions less colored than those yielded by either of the prep- 
Pi arations previously described. This substance will be referred 
f to as Preparation ITI. 

Schulz thus describes the product which he obtained, starting 
with crystallized haemoglobin: “ Ein gelbliches, sehr lockeres, nicht 
wesentlich hygroskopisches Pulver.” It differs from the majority 
i of proteins by its high content of carbon (= 54.97 per cent, Schulz). 
% It is predominantly basic and is considered by Schulz to be a 
q histone. According to Abderhalden® the globin from horse blood 
4 yields, on cleavage, notable quantities of leucine (29 per cent) and 
histidine (10.96 per cent.) 

























B. THE DETERMINATIONS OF REFRACTIVITY. 


Two per cent solutions were made up of each of the above 
i preparations in 7, KOH, and portions of these solutions were 
diluted to 1 per cent by the addition of 4; KOH. Two and one 
per cent solutions of Preparation III in 4 HCl were also prepared. 
The refractive indices of these solutions and of the solvents (75 
KOH and 3 HCl) were measured at 18°C, in a Pulfrich refractom- 
eter, using d-sodium flame as the source of light. 













J eee 
a = 





9. Fischer and E. Abderhalden: Zeitschr. f. physiol. Chem., xxxvi, p. 
268, 1902; E. Abderhalden: ibid., xxxvii, p. 484, 1903; E. Abderhalden and 
L. Baumann: ibid., li, p. 397, 1907. 
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The following were the results obtained: The values headed a 
are calculated from the formula n—n,; = a X c where n is the 
refractive index of the solution, n; that of the solvent and c is 
the percentage of protein in the solution. 







TABLE I. 








nm = REFRACTIVE 
SOLUTION INDEX OF SOLU- a 
TION AT 18°C. 















SE iiclG:: csi kctchuss cceieeus 1.33465 

Cl TE oe a 

1 percent Preparation Iin 7 KOH. 1.33623 0.00158 + 0.00008 
2percent Preparation Iin7y KOH. 1.33791 | 0.00163 + 0.00004 
1 per cent Preparation Ilinjy KOH.) — 1.33607 0.00142 + 0.00008 
2 percent Preparation Ilin7 KOH. 1.33751 0.00143 + 0.00004 
1 per cent Preparation IIIinj} KOH.| 1.33631 | 0.00166 + 0.00008 
2 per cent Preparation IIIingyKOH.| 1.33799 | 0.00167 + 0.00004 
1 per cent Preparation III in 7) HCl... 1.33615 0.00173 += 0.00008 





2 per cent Preparation III in 7s HCl. .| 


1.33783 | 0.00171 + 0.00004 






It will be observed that in each case, within the experimental 
error (due to a possible error of + 1’ in reading the angle of total 
reflection), the difference between the refractivity of the solu- 
tions and that of the solvent is directly proportional to the con- 
centration of protein dissolved in the solution. The values of a 
for the various preparations, however, differ somewhat. In order 
to assign to each observation its due weight in determining the 
average values of a for each of these preparations it is necessary 
to add together the observed values of » —n, for the different 
solutions (2 per cent and 1 per cent) of each preparation and A 
divide this sum by the sum of the concentrations employed (= 3). ‘ 
Proceeding in this way we obtain: q 
TABLE II. 


















VALUE OF a 





SUBSTANCE 






Preparation I dissolved in 7 KOH...... 0.00161 + 0.00005 ; 
Preparation II dissolved in 7 KOH...... 0.00142 = 0.00005 “ 
Preparation IIT dissolved in 4; KOH...... 0.00167 + 0.00005 
Preparation III dissolved in 7 HCl....... 0.00171 + 0.00005 







The values of a for Preparation IIT dissolved in 7 KOH and 
in #; HC! are identical within the experimental error; their aver- 
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age is 0.00169 + 0.00005. The value of a for Preparation I is 
slightly lower, while that of a for Preparation II is very much lower. 
These values obviously correspond with the relative purities of the 
preparations. It may be assumed, since both of them are of a 
very light color, that Preparations I and III are both very nearly 
pure, and, as we see, their refractivities are nearly equal. Prep- 
aration III, however, having been precipitated twice by different 
methods is less likely to be contaminated by impurities than 
Preparation I. On the other hand it is evident from its dark 
F color that Preparation II is impure, and we see that its refrac- 
f tivity departs widely from that of Preparation III or that of 
4 Preparation I. 

. It appears probable, therefore, that the average value of the 
4 refractivity per gram per 100 cc. of solution of Preparation III 
determined above is, within the experimental error of the esti- 
mation, the refractivity, per gram per 100 cc. of solvent, of pure 
globin. 


SUMMARY. 


Globin has been prepared from ox corpuscles by three different 


1 modifications of the method originally employed by Schulz. 

a The value of a (= change in the refractive index of the solvent 
i} due to the introduction of 1 per cent of the protein) for the purest 
x preparation obtained, when dissolved in 3 KOH or 3 HCl, is 


a 0.00169 + 0.00005. 
+ Less pure preparations yielded lower values of a. 






THE SULPHATIDE OF THE BRAIN. 


By P. A. LEVENE. 


(From the Laboratories of the Rockefeller Institute for Medical Research, 
New York.) 








(Received for publication, November 21, 1912.) 






There exists very little definite information regarding the nature 
of the sulphur-containing lipoids. The authors who are defending 
the individuality of protagon assume that both sulphuric and 
phosphoric acids enter into the structure of its molecule. On the 
other hand, Thudichum,! on the ground of theoretical considera- 
tions, was led to the belief that the sulphatide is a distinct lipoid 
having some properties in common with the phosphatides. Unfor- 
tunately he failed to separate the two substances. The ratio of 
sulphur to phosphorus in the purest sample analyzed by this 
author was 3:2, in other samples the ratio was 1:1. 

In very recent years W. Koch? made the sulphatide the subject 
of a new investigation. Koch arrived at the conclusion that the 
sulphatide contained an equimolecular proportion of phosphoric 
and of sulphuric acids. The analytical data led him to formulate 
the structure of the substance in the following manner: 



















(CaH2NOs) — O — (SO2) — O — (Cs2HiogN2PO,) 


or, more graphically, 





O 
| 
Phosphatide — O — S — O — Cerebroside 


! 
O 









Thus the “phosphatide-cerebroside-sulphatide”’ of Koch con- 
tained all the elements that were supposed to be parts of protagon, 
and in a way the substance may have been regarded with some 
degree of justice as the purest protagon, although W. Koch militated 
against the existence of this complex. 
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i A Treatise on the Chemical Constitution of the Brain, London, 1884. 
2 Zeitschr. f. physiol. Chem., \xx, p. 94, 1910. 
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In course of an investigation into the lipoids of the brain we 
found it possible to isolate the sulphur-containing lipoid of the 
brain entirely free from phosphatides. In its physical appearance 
and in many of its properties the substance possessed a great resem- 

. blance to other lipoids and had the following eomposition: 
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0.1216 gram of the substance gave 0.2714 gram CO: and 0.1160 gram H;20. 
0.1216 gram of the substance gave 0.2706 gram CO: and 0.1150 gram H;20. 
t 0.2000 gram of the substance employed for Kjeldahl nitrogen estimation 
if required for neutralization 3.3 cc. of , sulphuric acid. 

0.4000 gram of the substance used for a sulphur estimation gave 0.0766 
gram of barium sulphate. 

0.4000 gram of the substance used for phosphorus estimation gave a nega- 
tive result. 


A comparison of the results of the analysis of the samples here 
described, and of those obtained by Thudichum and by Koch shows 
the following results: 











THUDICHUM LEVENE 

















¢ | RE TOE or fe, | 47.70 | 60.90 
4 _ EAE rt eee | a | 10.67 
a ERECT ee Te | ea 2.31 
i __ RT CIOS ee 3.94 | 1.80 0.00 
: _ ORCI Re ere 0 6.19 | 1.91 2.66 
. O 33.49 | 


23.46 


The substance is dextrorotatory and melts at 210° C. (uncor.). 
j By the method employed for the preparation and purification 
i , of the sulphatide it was not possible to further purify the substance. 
i Other methods will have to be devised for that purpose. 
It must be remarked here that both Thudichum and Koch found 
# that human brain offered a more suitable material for the prepara- 
tion of their sulphatide. The substance described in this communi- 
cation was isolated from beef brains. 

Further work on the chemical structure of the substance is in 
progress. 





A NOTE ON THE SUGAR TOLERANCE IN THE PIG. 








By A. J. CARLSON anp F. M. DRENNAN. 


(From the Hull Physiological Laboratory of the University of Chicago.) 






(Received for publication, November 27, 1912.) 







According to Minkowski!’ almost complete pancreatectomy in 
the pig does not result in as severe diabetes as is the case in other 
mammals. The results obtained by Gould and Carlson? with 
almost complete pancreatectomy in two pigs seemed to confirm 
Minkowski’s observation. In order to determine whether the 
pig’s tissues possess unusual power to utilize sugars we made the 
following comparisons of the tolerance of two pigs before and 
after complete pancreatectomy. Three pigs of nearly the same 
size and age were selected. One of. these was kept as control on 
the normal rate of growth. 









Pia No. I. 






Weight, 5 kgm. 









1911, October 15-20. Dextrose dissolved in milk in quantities varying 
from 2:5 to 10 grams was given on empty stomach. In every case sugar 
appeared in the urine within one hour after giving the sugar by mouth. The 
total quantity of sugar excreted was not determined. The urine did not 
contain sugar when the pig was fed on milk unless dextrose was given by 
mouth. 

October 22. Extirpation of the pancreas completed at 4 p.m. Urine 
was voided at 6, at 8 and at 10 p.m. All the samples contained sugar. 

October 23. 170 cc. of urine passed in twenty-four hours, containing 
10.20 grams of sugar. 

October 24. 7Va.m. 80cc. of urine, containing 5 grams of sugar. Animal 
died of peritonitis at 11 a.m. Post mortem showed complete removal of 
the pancreas. 















1 Minkowski: Arch. f. exp. Path. u. Pharm., xxxi, p. 93, 1893. 
2 Gould and Carlson: Amer. Journ. of Physiol., xxix, p. 174, 1911. 






465 


466 Sugar Tolerance in the Pig 


Pia No. II. 


October 25-28. Milk diet. Quantity of urine during twenty-four hours 
on milk diet, 350-400 ec. 

October 29. 10.30a.m. Fresh sample of urine contained no sugar. 

11.00 a.m. 5 grams of dextrose in 50 cc. of buttermilk given by mouth. 

12.30 p.m. 50 ee. of urine (2 urinations) contained 0.531 gram of sugar. 

1.45 p.m. 45 ec. of urine; no sugar. 

2.30 p.m. 35 ec. of urine; no sugar. 

October 30. 12m. Fresh sample of urine contained no sugar. 5 grams 
of dextrose in 50 cc. of buttermilk given by mouth. 

1.00 p.m. 40 ce. of urine contained 0.216 gram of sugar. 

2.00 p.m. 15 ce. of urine contained 0.203 gram of sugar. 

2.30 p.m. 20 ec. of urine contained 0.188 gram of sugar. 

Total sugar = 0.607 gram. 

October 31. 9.30 a.m. Sample of urine free from sugar. 

10.00 a.m. 2.5 grams of dextrose in 50 ce. of buttermilk given by mouth. 

10.20 a.m. Sample of urine contained no sugar. 

11.00 a.m. 30 ce. of urine contained 0.133 gram of sugar. 

12.00 m. 28 ec. of urine contained 0.250 gram of sugar. 

12.30 p.m. Sample of urine free from sugar. 

Total sugar = 0.383 gram. 

During the time October 29-31 the pig was given no food except the quan- 
tities of dextrose and buttermilk shown above. , 

October 31. 1.00 p.m. The pig was allowed to eat as much as it desired 
of a mixture of bread and sweet milk. 

2.00 p.m. 40 cc. of urine contained 0.68 gram of sugar. 

November 5. 10.00a.m. The pig was allowed to eat as much as it desired 
of cooked corn meal. 

11.00 a.m. 50 cc. of urine contained 0.312 gram of sugar. 

11.30 a.m. 50 ce. of urine contained 0.412 gram of sugar. 

12.00 m. 35 cc. of urine contained 0.143 gram of sugar. 

1.00 p.m. 100 cc. of urine contained slight traces of sugar. 

Total sugar = 0.87+ gram. 

November 12. After starving for two days the pig was allowed to eat 
as much as it desired of cracked corn. No sugar appeared in the urine. 

November 21. Weight of pig, 8.2 kgm. Extirpation of the pancreas. 
During November 22-28 the daily ration consisted of 75 grams of bread in 
buttermilk. 

November 22. 310 cc. of urine contained 23 grams of sugar. 

November 23. 350 cc. of urine contained 58 grams of sugar. 

November 24. 605 cc. of urine contained 92 grams of sugar. 

November 25. 460 cc. of urine contained 59 grams of sugar. 

November 26. 835 ec. of urine contained 114 grams of sugar. 

November 27. 900 cc. of urine contained 128 grams of sugar. 

November 28. 920 cc. of urine contained 126 grams of sugar. 

From November 29 to January 8 the food consisted of bread and milk. 
The sugar excretion in the urine continued about the same as during the 
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week of November 22-28, but the pig was put in the metabolism cage each 
day only for the time required to secure one sample of urine. 

January 8. The pig weighed 6.2 kgm., having lost 2 kgm. since Novem- 
ber 21. When the pig was placed in the cage 450 cc. of urine were voided. 
in two hours, containing 52 grams of sugar. The pig was given nothing but 
buttermilk for forty-eight hours. 

January 10. 270 ce. of urine voided in three hours, containing 30 grams 
of sugar. The bread and buttermilk ration was resumed. 

January 12. 937 ce. of urine contained 113 grams of sugar. The feces 
contained no starch. 

January 18. 1000 cc. of urine: Total sugar = 110 grams; total N = 
11.58 grams. 

January 21. After feeding 200 grams of bread in 500 cc. of buttermilk, 
1300 cc. of urine: Total sugar = 151 grams; Total N = 14.1 grams. 

No food was given January 21-24. 

January 22. 830 cc. of urine: Total sugar = 71 grams; total N = 
grams. 

January 23. 1410 ec. of urine: Total sugar = 67.7 grams; total N = 
12.0 grams. Weight of pig, 5.72 kgm. 

The pig did not seem to recover well after the starvation period, January 
21-24. The animal did not eat heartily and was lying down most of the 
time. On January 26, the animal refused food and water, so it was killed 
with ether. Weight, 5.60 kgm. 

Post mortem findings. The pancreas was completely removed. The 
stomach was unusually dilated and contained 2280 cc. of fluid and ingested 
material. There was a large aneurism sac in the fundus (greater curva- 
ture) where the muscle layers were absent. The sac had been formed by a 
rupture of the muscle layereé. The duodenum was greatly dilated and filled 
with fluid. The common bile duct was dilated to a diameter of 1 cm. 
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Pia No. IIl. ContTro.. 







Several tests were made of the tolerance to dextrose per os with results 
jdentical to those reported in the cases of pig I and II. On November 21 
(date of pancreatectomy of pig II, weighing 8.2 kgm.) pig III weighed 8 
kgm. On January 27 this pig weighed 27 kgm. From November 21 to 
January 26 the diabetic pig lost weight at the rate of about 25 grams per 
day, while the normal pig gained at the rate of 300 grams per day. The ac- 
tual loss of body materials by the diabetic pig was greater than these figures 
indicate, for more than a third of the weight of the pig at death represented 
fluid and ingested material in the enormously dilated stomach and duodenum 














1. While the results on pig II show that complete pancreatec- 
tomy is followed by the fatal diabetes typical of other species, 
we were impressed by the length of time the pig continued in fair 
condition and vigor. It is probable that the pig would have 
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lasted ten to twenty days longer if it had not been weakened by 
the three days’ fast, January 21-23. 

We have no explanation for the dilated condition of the stomach 
and the duodenum, unless it be essentially a mechanical effect, 
that is, an insatiate appetite resulting in ingestion of too great 
quantities of food for the weakened stomach walls. 

2. The normal pig has a lower tolerance for dextrose, bread or 
cooked starch given by mouth than any species so far studied. 
When a normal pig weighing 8-10 kilos shows marked alimentary 
glycosuria when given 2.5 grams of dextrose, and that on an empty 
stomach, the lack of tolerance seems to border on the pathologi- 
cal. The lack of tolerance is, of course, due to failure of adjust- 
ment of the rate of absorption to the rate of fixation or storage 
of the sugar. We had planned to test the parenteral sugar tol- 
erance in the pig, but that seemed useless on finding the slight 
tolerance per 0s. 

This condition in the pig must lead to waste of calories in 
proportion to the quantity of bread or cooked starch fed. 

3. It might be pointed out that the pig is a very convenient sub- 
ject for physiological work involving frequent collections of the 
urine. The pig urinates on the average every thirty or forty- 
five minutes. The animal is almost as accommodating as if one 
had direct access to the ureters. 





A NEW (COLORIMETRIC) METHOD FOR THE DETER- 
MINATION OF URIC ACID IN BLOOD. 


By OTTO FOLIN anp W. DENIS. 
(From the Biochemical Laboratory of Harvard Medical School, Boston.) 








(Received for publication, November 30, 1912.) 







Notwithstanding the great physiological and clinical interest 
which for more than a hundred years has been attached to the 
“uric acid in blood” no suitable method for the determination of 
this uric acid has yet been discovered. The ammoniacal silver 
nitrate method of Salkowski and the cupric bisulphite method of 
Kriiger for precipitating uric acid have indeed rendered valuable 
service, for by their means the presence of traces of uric acid in 
certain kinds of pathological blood has been positively established. 
Rough quantitative determinations of the uric acid in such blood 
have also been made on the basis of those methods though it is 
very doubtful how trustworthy have been the results. 












Brugsch and Schittenhelm clearly recognize the doubtful character of 
their own quantitative uric acid determinations in blood on the basis of 
those methods,! and in fact regard the determination of as little as 1-3 
mgm. of uric acid as practically impossible. They emphasize the value of : 
the qualitative test for uric acid by the murexide test, a point which is well 
taken in view of the fact that the analytical methods are not sensitive 
enough to yield positive qualitative tests for the uric acid of normal blood. 

An astounding feature of the procedure described by Brugsch and Schit- 
tenhelm for the detection and quantitative estimation of uric acid in blood 
is the recommendation? that the blood be treated with hot caustic potash 
solution (2-5 per cent) in connection with the preliminary precipitation of 
the proteins. Such a treatment with caustic alkalies is absolutely fatal 
since it would destroy anywhere from 30 per cent to all of the uric acid 
originally present. 

In view of the well-known ease with which uric acid decomposes in alka- 
line solutions such a recommendation coming from Schittenhelm, who for 

























1 Zeitschr. f. exp. Path. u. Ther., iv, p. 440, 1907; Mainch. med. Wochenschr., 
lix, p. 2377, 1912. ; 
2 Zeitschr. f. exp. Path. u. Ther., iv, p. 441, 1907. 


469 

































aie) 
















470 Determination of Uric Acid in Blood 


years has been an active contributor in the field of the autolytic formation 
and destruction of uric acid and other purines, is certainly surprising. 

As far back as 1901 Folin and Shaffer called attention to the great insta- 
bility of uric acid in alkaline solutions and cited figures to show that over 
30 per cent is lost when uric acid is heated on the water bath for forty-five 
minutes with 15 per cent sodium hydrate solutions.* Folin and Shaffer 
traced the decomposition of the uric acid by titrations with potassium per- 
manganate. We have now made another series of tests by the new colori- 
metric determination described in the last number of this Journal and from 
our results cite the following: 

1. A2 per cent NaOH solution containing 10 mgm. uric acid per 20 cc. 
lost 35 per cent by boiling three minutes. 

2. A corresponding (2 per cent) Naz:CO; solution under the same condi- 
tions lost 15 per cent of the uric acid. 

3. A 0.5 per cent NaOH solution in three minutes produced a loss of 18 
per cent of the uric acid. 

4. A 0.5 per cent Na2CO; solution in three minutes destroyed 12 per cent 
of the uric acid. 

We venture to suggest that the reason why Schittenhelm has overlooked 
the instability of uric acid is the fact reported by E. Fischer that uric 
acid solutions do not lose ammonia on being heated with normal caustic 
potash solutions.‘ The fact that uric acid solutions do not lose ammonia 
is, however, by no means inconsistent with the fact that the uric acid is 
decomposed into something which no longer behaves like uric acid. 


The crucial qualitative test for uric acid obtained from blood 
has always been the murexide reaction. The remarkable feature 
about the voluminous literature on the subject of uric acid in blood 
is the number of positive results reported for uric acid on the 
‘basis of this reaction. Most of these positive findings represent 
probably nothing but delusions. All know that since uric acid is 
abundant in the urine, traces of it must be in the blood and all 
have probably been more or less disposed to accept anything 
showing a reasonable resemblance to the murexide test as proving 
the presence of uric acid. But the murexide test is made in the 
same way as is the xanthoprotein reaction for proteins and the 
red color obtained in the latter is not so very different from the 
mixture of red and violet obtained in the murexide reaction. More- 
over, the xanthoprotein reaction is given not only by the various 
protein materials in the blood but is also given by many phenol 
compounds, a number of which occur in blood. The murexide 


3 Zeitschr. f. physiol. Chem., xxxii, p. 555, 1901. 
4 Ber. d. deutsch. chem. Gesellsch., xxxii, p. 3266, 1899. 
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reaction is therefore by no means reliable when applied to such 
unknown mixtures as have been obtained from the blood and this 
combination of circumstances is probably adequate to account for 
the many remarkable “uric acid’? observations recorded in the 
literature. 

There is no doubt, however, that by treating greatly concen- 
trated mother liquor obtained from blood with ammoniacal siiver 
nitrate or with copper bisulphite, traces of uric acid can be ob- 
tained. This is true not only for abnormal blood which is rich 
in uric acid but holds also for normal human blood, though the 
various methods heretofore in use have not been sensitive enough 
to reveal such traces of uric acid. Even in the case of gouty 
blood containing relatively large quantities of uric acid a great 
deal of blood (75 ec. or more)> must be taken in order to obtain 
even a qualitative test. For quantitative determinations Brugsch 
and Schittenhelm use from 150 to 300 grams, i.e., nearly 10 per 
cent of all the blood in the body. 

The new method described in this paper is based on the highly 
delicate color reaction with our “uric acid reagent,’”’ a phospho- 
tungstic acid solution by means of which one part of uric acid 
in one million parts of water gives a positive test. The color 
obtained from a quarter of a milligram of uric acid is quite ade- 
quate for a quantitative determination. Normal human blood, as 
we have discovered, contains about that much uric acid in from 
15 to 25 ee. so that on the basis of such volumes we are now able 
to make quantitative determinations of the uric acid in blood. 

For coagulating the proteins we use five volumes of boiling 755 
acetic acid solution (10 ce. of normal acetic acid to a liter of water). 
The blood is drawn into small, wide-mouth bottles previously 
weighed and containing a small amount (about 0.1 of a gram) of 
finely powdered potassium oxalate. From the subsequent weight 
of each bottle is obtained the weight of the blood. Five times 
this weight of 739 acetic acid solution is transferred to an ordi- 
nary liter flask and heated to boiling. The oxalate blood is 
then poured into this boiling acetic acid solution and the heat- 
ing is continued until the solution has again begun to boil. The 
mixture while still hot is filtered. The coagulated material on 


> Brugsch and Schittenhelm: Zevtschr. f. exp. Path. u. Ther., iv, p. 442, 
1907. 
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the filter paper is transferred back into the flask (by means of a 
small spoon or a spatula), about 200 cc. of boiling water® are 
poured over it and it is allowed to stand a few (5) minutes. This 
mixture is then filtered through the same filter as was used for 
the first filtration. The filtrate in the receiving flask should be 
very nearly as clear as water and will be found to be so if the 
original blood was promptly shaken with the oxalate so that no 
clotting has taken place. 


If clotting has occurred the coagulation and washing of the blood is a 
little more complicated. The clot leads to so much bumping in the boiling 
acetic acid solution that it is not practicable or safe to try to heat the 
mixture to boiling. The filtration is therefore made earlier. The partially 
coagulated clot is then broken up with a glass rod, transferred to a mortar 
and there ground into a paste in the presence of hot water. This suspen- 
sion is then poured on the filter. The protein material on the filter is then 
washed as before with about 200 cc. of hot water. In this case the com- 
bined filtrates are, however, never colorless but more or less reddish. On 
being heated to boiling a second small coagulum will be obtained and the 
filtrate will then be practically as clear as water. 


The combined filtrate and wash water containing the uric acid 
and other soluble materials is further acidified by the addition of 
5 ec. of 50 per cent acetic acid and is evaporated over a free flame 
in a suitable porcelain dish’ to a very small volume (about 3 cc.). 
The liquid is then poured into an ordinary small centrifuge tube 
and the dish washed with two successive portions of 0.1 per. cent 
lithium carbonate solution, using about 2 cc. for each rinsing, any 
solid material adherent to the sides of the evaporating dish being 
removed by rubbing with a rubber tipped stirring rod. To the 
liquid in the centrifuge tube, which at this stage should not be 
greater than 10 cc. in volume, is added 5 drops of 3 per cent silver 


* For this washing we use water, not ;5, acetic acid solution, because if 
the latter is used the coagulum will give off more or less of the blood pig- 
ment and the filtrates are less clear. 

7 Deep (half globular) dishes 10 cm. in diameter and having a capacity 
of about 250 cc. are very good for this purpose. While free flames are the 
most convenient for the concentration of the uric acid solutions, care must 
of course be taken not to char the contents toward the end of the operation. 
Unless one is willing to watch it carefully at this stage it is safer to finish 
the concentration on the water bath. 
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lactate solution,’ 2 drops of magnesia mixture and a sufficient 
amount of strong ammonium hydrate (10-15 drops) to dissolve 
the silyer chloride. The tube is centrifuged for two or three min- 
utes, the supernatant liquid poured off and to the residue are added 
four or five drops of fresh saturated hydrogen sulphide water and 
one drop of concentrated hydrochloric acid. The tube is now 
placed for a period of five or ten minutes ina beaker of boiling 
water in order to remove the excess of hydrogen sulphide. Since 
hydrogen sulphide produces a blue color reaction with the phos- 
photungstic reagent it is of course important to remove every 
trace of this substance. To secure this a drop of 0.5 per cent lead 
acetate is added to the contents in the centrifuge tube as it is 
taken out of the hot water. Ordinarily very little or no lead 
sulphide (blackening) is produced, showing that all the hydrogen 
sulphide is gone as the lead acetate added is enough to give a 
heavy black precipitate. If such a precipitate is obtained it is 
safest to heat the tube in the water bath for another five minutes, 
and then add another drop of lead acetate solution. When all 
the hydrogen sulphide is thus removed the contents of the tube 
are centrifuged for one or two minutes. The supernatant liquid is 
then transferred by decantation as completely as possible to a 
small beaker and the inside of the tube washed with a stream of 
water from a wash bottle, care being taken to disturb as little as 
possible the solid residue at the bottom of the tube. The wash 
water (which should not exceed 5 cc. in volume) is then added 
to the liquid in the beaker and to this acid solution-containing the 
uric acid is then added 2 cc. of the uric acid reagent® and 10, 15 
or 20 cc. of saturated sodium carbonate solution depending on 
whether the color obtained requires a final dilution to 25, 50 or 
100 ce. 


8 Silver nitrate is undesirable in this connection because traces of liber- 
ated nitric acid are not easily excluded and might destroy some of the uric 
acid. Folin and Macallum used silver sulphate to avoid this danger but 
the sulphate is very insoluble. The lactate is therefore the most service- 
able silver solution that we have yet found for the precipitation of uric 
acid. Since several reagents are added drop by drop in this work it is 
very convenient to keep the solutions in so-called dropping bottles. 

* This reagent as stated in previous papers contains 100 grams of sodium 
tungstate and 80 cc. of phosphoric acid (85 per cent) per liter, all boiled 
together for one or two hours. See this Journal, xii, p. 239, 1912. 
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This direction with reference to the sodium carbonate to be used may 
seem somewhat vague to the casual reader but is really a simple matter 
in the actual work. The standard solution must already be made and from 
a rough comparison it is not difficult to determine whether the unknown 
is to be diluted to 25, 50 or 100 cc. in order to give somewhat near the same 
depth of color as that of the standard. 


Three volumetric flasks representing 25, 50 and 100 cc., respec- 
tively, must be at hand, and the blue unknown solution is trans- 
ferred to one of them and diluted with water up to the mark. 
The standard solution obtained from 1 mgm. of uric acid when 
treated with 2 ce. of uric acid reagent, 20 cc. of sodium carbonate 
and made up to 100 ec. should be made just before the addition 
of the sodium carbonate to the unknown. The latter sometimes 
needs to be filtered before being. transferred to the colorimeter 
cylinders for the final color comparison. In all other respects the 
determination of uric acid in the blood is the same as the corre- 
sponding determination in urine.’ 

The calculation of the results obtained from the colorimetric 
readings is not difficult though it must not be forgotten that it 
is not practicable to take any particular quantity of blood for the 
work since the usual thing in clinical cases is that the amount of 
blood available is so small that one takes all that has been col- 
lected. The following formula gives the amount of uric acid per 
100 ce. or more accurately per 100 grams of blood. 

20 V 

RW 
In this formula 20 represents the depth in millimeters of the stand- 
ard solution used for a comparison and R& represents the reading 
in millimeters of the unknown solution. V represents the volume 
(25, 50 or 100 cc.) to which the unknown is diluted and W repre- 
sents the weight of blood taken for the determination. 

We have made a great many uric acid determinations in human 
blood and in the blood of a number of different animals by the 
new method described above. Inasmuch as the data so obtained 


= Milligrams of uric acid per 100 grams of blood. 


10 Folin and Macallum: this Journal, xiii, p. 363, 1912. Blood, like urine, 
contains phenol compounds which give a blue color with the uric acid 
reagent. Because of the small amount of uric acid and relatively large 
amount of other materials in blood we have not attempted to determine 
the uric acid without any preliminary precipitation with silver. 
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possess considerable interest of their own, we prefer to make them 
the subject of a separate paper. Here we wish therefore to add 
only the determinations of uric acid previously added to blood, 
showing that by this method it is possible to determine the minute 
quantities occurring even in normal human blood. 


Brugsch and Schittenhelm have recorded a few similar experiments! by 
which they tested the merits of the method which they employed in their 
quantitative work on the uric acid in blood. They, however, first dissolved 
the uric acid in boiling lithium hydroxide and then added from 100 to 200 
mgm. of uric acid to each 100 grams of blood. Results obtained from such 
experiments have no bearing on the actual analysis of human blood con- 
taining at most only 8-10 mgm. per 100 cc. 


In the experiments recorded below the uric acid solution (1 mgm. 
per cc.) was prepared by the help of lithium carbonate, as described 
in a previous paper,” and this solution was added in proportions 
of from 1 to 10 cc. to 100 ec. of sheep blood which contains no 


uric acid, 7.e., less than 0.05 mgm. per 100 cc. 2 
aoe URIC ACID ADDED URIC ACID FOUND 
SC. mgm. per 100 cc. mgm. per 100 cc. 
50 0 less than 0.05 
25 1 0.96 
25 1 0.98 
25 2 2.00 
15 2 2.00 
15 + 3.90 
25 4 4.00 
20 6 5.80 
10 8 7.40 
15 8 7.50 
10 10 9.40 
10 10 9.60 


11 Zeitschr. f. exp. Path. u. Ther., iv, p. 447, 1907. 
12 Folin and Macallum: loc cit. 
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School, Boston.) 


(Received for publication, November 30, 1912.) 


In an earlier paper Folin and Denis described the preparation 
of a phosphotungstic acid solution which proved extraordinarily 
sensitive as a reagent for uric acid and which also gave a similar 
(blue) color reaction with polyphenol compounds. One such 
phenol derivative is epinephrine. Solutions containing 1 part of 
epinephrine in 3,000,000 parts of water give an unmistakable reac- 
tion with this reagent. According to the seemingly careful com- 
parative studies recently published by Borberg? none of the usual 
color reactions for epinephrine are capable of revealing the pres- 
ence of this substance in dilutions greater than 1 part in 300,000 
parts of water. Our reaction is therefore approximately ten times 
as sensitive as the best chemical tests hitherto proposed and in 
fact approaches in delicacy the remarkable physiological reactions 
which have heretofore been employed in testing for epinephrine. 
The elaboration of the reaction into a quantitative method for the 
determination of epinephrine in commercial suprarenal extracts 
as well as in “home made”’ extracts of suprarenal glands proved 
a comparatively easy undertaking. 

Through the courtesy of Dr. Reid Hunt we were saved the 
laborious and indispensable task of preparing a sample of pure 
epinephrine. From him we obtained some of the ash-free epi- 


1 ‘The Council on Pharmacy and Chemistry of the American Medical 
Association has lately adopted the name Epinephrin for the active principle 
of the suprarenal glands in preference to using a ‘protected’ name and it 
is for this reason that we are using the word in this paper.’’ See Abel: 
Journ. of Pharmacol. and Exp. Therapeutics, iii, p. 328, 1912. 

2 Skand. Arch. f. Physiol., xxvii, p. 347, 1912. 
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nephrine purified by Taveau.’ By the help of this product we 
determined the chromophoric value of epinephrine in terms of 
another pure and easily obtainable substance (uric acid) which 
gives the same kind of a blue color with the phosphotungstie acid. 
Epinephrine gives almost exactly three times as much color as an 
equal weight of uric acid. Our determinations gave figures which 
varied between 2.90 and 2.95. As even our pure epinephrine 
probably is not as pure as Kahlbaum’s uric acid with which we 
compared it, the ratio 1: 3 must be very nearly correct. 

With this ratio once established it is no longer necessary to have 
on hand epinephrine solutions of known concentration in order to 
determine unknown epinephrine solutions. With uric acid, the 
phosphotungstic acid reagent and a high grade colorimeter avajl- 
able, it is now only a matter of a few minutes’ work to assay a 
given solution of epinephrine. Using 10 cc. volumetric flasks, as 
little as three or four hundredths of a milligram of epinephrine, 
or even less, can be determined with a very satisfactory degree 
of accuracy. 

To illustrate: A freshly opened bottle of “adrenalin” was used 
as a stock solution and from it one of us (Cannon) made a series 
of extremely dilute solutions. These together with the original 
solution were submitted to Folin and Denis for analysis. The 
following figures were obtained. 


Original ‘‘a 1 per cent’’ solution: Found: 0.11 per cent 
A diluted to contain 25 parts per million: Found: 26 parts 
B diluted to contain 12.5 parts per million: Found: 11 parts. 
C diluted to contain 2.5 parts per million: Found: 1.9 parts. 


Having proved to the satisfaction of all of us that we were able 
to assay accurately pure epinephrine solutions, we next under- 
took to determine whether the crude extract obtained from supra- 
renal glands could be assayed colorimetrically for their epineph- 
rine content. At first sight this seemed very dubious in view of 
the fact already established by Folin and Denis that blood con- 
tains enough uric acid to be estimated quantitatively, and contains 
besides phenol derivatives which, because of their reactivity with 
the uric acid reagent, necessitate a preliminary precipitation of 
the uric acid before it can be determined quantitatively. In this 


3’ Hygienic Laboratory Bulletin, lv, p. 23, 1909. 
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respect muscle, glands and other organs were found to behave in 
the same way. Fortunately, however, the blue color obtained by 
adding the uric acid reagent to extracts of blood and tissues other 
than the suprarenals is so very smal] compared with the color 
obtained from the latter as to be practically negligible. The 
suprarenals might of course contain some other specific products, 
besides epinephrine, capable of giving the same blue reaction as 
the latter. Although there is no reason why such should be the 
case it seemed desirable and indeed necessary to determine the 
point experimentally by checking up the values obtained colori- 
metrically by a standard physiological method. 

Our extracts were made in the following manner: The weighed 
gland is thoroughly rubbed in a mortar with fine sand and tenth- 
normal hydrochloric acid. The mixture is then rinsed into an 
Erlenmeyer flask with more tenth-normal acid and water, using 
in all about 15 cc. of the acid for each 2 grams of gland and about 
three times as much water. The acid mixture is then heated to 
boiling. In the presence of so much hydrochloric acid there is 
no coagulation and the epinephrine is thoroughly dissolved. To 
the boiling mixture is then added a little 10 per cent sodium ace- 
tate solution (5 ec. for each 15 cc. of hydrochloric acid present) 
and the mixture is again heated to boiling. The albuminous 
material comes down promptly under this treatment. Instead of 
filtering and washing at this stage we transfer the whole mixture 
(except the sand) to a volumetric flask (capacity 100 cc. for each 
2 grams of gland) and dilute up to the mark with water. The 
solution so obtained or as much of it as is needed can be filtered 
or centrifuged, giving finally a solution which is nearly or quite 
as clear as water. Ours were obtained by help of the centrifuge. 


Notwithstanding the highly interesting and eonvincing character of 
Elliott’s recent epinephrine determinations by the blood pressure method, 
we are inclined to think that from the standpoint of quantitative analysis 
his figures are probably not particularly exact, although the physiological 
reaction involved appears to be suprisingly regular. Epinephrine is ex- 
tracted with considerable difficulty from coagulated material and it is 
rapidly destroyed by hot Ringer’s solution. Elliott probably did not 
always get out all the epinephrine present and he certainly always destroyed 
some of it by using the more or less alkaline Ringer’s solution. 


The colorimetric determinations in the extracts described above 
were made at once as follows: 
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Five cubic centimeters of the clear extract were pipetted into 
a 100 cc. measuring flask and 1 ee. of a fresh uric acid solution 
containing 1 mgm. of uric acid was pipetted into another 100 ce. 
flask. To each flask were then added 2 cc. of the “uric acid re- 
agent’ and 20 cc. of saturated sodium carbonate solution. After 
standing two or three minutes the solutions were diluted to the 
100 ce. mark, thoroughly shaken, and the color comparison was 
made in the usual manner in a Duboscq colorimeter with the uric 
acid standard set at 20mm. On the basis of this color comparison 
the epinephrine was first calculated as though it were uric acid 
and the figure so obtained was divided by three, because epineph- 
rine, as already indicated, produces three times as much color as 
an equal weight of uric acid.6 The figures obtained on the fresh 
suprarenal extracts are given in table I. 

It being Saturday the solutions were transferred to the cold 
storage room. ‘Two days later they were again assayed colori- 
metrically and their epinephrine content was then also deter- 
mined by the blood pressure method.° 

In the physiological assay the extracts of the glands were tested 
for their epinephrine content by the method recently described by 


4 For the convenience of the recipients of reprints we give here again 
the composition of the ‘‘uric acid reagent.’’ To 750 grams of water add 
100 grams of sodium tungstate and 80 ec. of 85 per cent phosphoric acid. 
Boil gently (to prevent undue concentration) for one and one half to two 
hours and dilute to 1 liter. When the amount of adrenaline to be deter- 
mined is so small as to require 10 ce., 25 ec. or 50 ce. flasks, the amount 
of reagent used should be correspondingly reduced (to avoid turbidity). 

5 The description given above of the manner in which we made our color- 
imetric epinephrine determinations may also serve as a general description 
of the method, except that the volume of extract to be taken for a deter- 
mination and the final volume to which it is to be diluted will depend on 
the amount of epinephrine present. The final blue color should be as 
deep as the standard obtained from 1 mgm. of uric acid, or even 10-20 per 
cent deeper. Weak colors are more difficult to compare because the blue 
from epinephrine is a little less bright, less transparent, than the blue pro- 
duced with uric acid. Instead of uric acid the phosphotungstic acid re- 
agent with an excess of epinephrine may be used as a standard. See Folin 
and Macallum: this Journal, xiii, p. 363, 1912. 

6 By comparing the colorimetric values recorded in table I with the 
corresponding figures in table IT it will be seen that though kept in a dark 
cold storage room having a temperature of 2-3°C. a considerable fraction 
of the epinephrine had decomposed in the course of two days. 


*Young cat 


* Monkey 
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TABLE I. 


Epinephrine content of different suprarenal glands.’ 
EPINEPHRINE PER 


CIN F GLAND WEIGHT OF GLAND TOTAL EPINE NE 
KIND O AN | I T T PINEPHRINE GRAM OF GLAND 


grams mgm. mgm. 
.25 6.66 96 
.07 6.40 08 
16 8.80 78 
99 7.80 .60 
.66 5.66 50 
66 .40 41 
17 00 06 
02 3.00 .94 
.69 00 .96 
164 20 .22 
.164 .25 92 
239 76 
. 264 86 
641 50 
.620 .27 
27 66 
360 86 
2.26 .60 
2.08 2 
3.07 .66 


2.65 8.82 
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*These glands were from ‘‘vaccine calves’’ and were obtained from Dr. Theobald Smith. 
The animals were killed by means of a biow on the head and immediate bleeding; their supra- 
renals like those of the slaughter-house animals therefore probably contain a normal amount 
of epinephrine. 


Elliott. A cat was quickly etherized; a tracheal cannula was 
immediately inserted, and the brain then pithed. Artificial res- 
piration without ether was at once begun and was continued 
through the experiment. Cannulas were fastened into the com- 
mon carotid artery and into the external jugular vein. The jugu- 
lar cannula was placed low in the neck so as to avoid as far as 
possible any ineffectiveness of the injected fluid through stasis in 


7 The epinephrine determinations in the suprarenals of the cat, rabbit, 
dog and monkey were not made at the same time as the determinations on 
the slaughter-house animals, and the figures obtained from them probably 
do not represent the normal values because those animals had been used 
for other experiments before being killed. 

8 Elliott: Journ. of Physiol., xliv, p. 376, 1912. 
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the vessel. The medulla and upper portion of the spinal cord 
were next destroyed by a wire passed into the spinal canal through 
the orbit and brain case. Finally the carotid cannula was con- 
nected with a mercury manometer. The blood pressure now 
registered at a maintained level of about 40 mm. of mercury. 

The adrenalin (Parke, Davis and Company’s) used as a stand- 
ard was 1 ce. of the original (1 : 1000) solution in 40 ce. of dis- 
tilled water. Thus 1 cc. of the standard contained 0.025 mgm. 
An injection of 0.1 ec. of this solution, 7.e., 0.0025 mgm., would 
cause a marked rise of blood pressure. By repeated injections of 
the same dose the first record of the pressure change could be 
duplicated with remarkable exactness. Elliott’s statement that the 
largely denervated circulatory system will respond with almost the 
accuracy of a chemical balance to any submaximal dose of adre- 
nalin we were able to confirm. 

The extracts were usually diluted 1 : 10 or 1 : 25 immediately 
before being tested. Each was placed in a burette connected with 
the jugular cannula, which was also filled with the extracts. At 
first 0.5 cc. of the extract was permitted to run slowly into the 
vein. If this amount gave a satisfactory submaximal rise of pres- 
sure, no further record was made. If necessary 1 cc. was in- 
jected. 

By previous injections of various amounts of the standard solu- 
tion, the approximate amount required to produce a rise of blood 
pressure equal to that caused by the extract could be judged. 
With the writing point of the manometer tracing the same zero 
line as before the estimated amount of the standard solution was 
now introduced into the vein. If the curve rose to the same 
height as previously the adrenalin content of the injected amounts 
of standard and extract was regarded as the same, and could be 
readily calculated. -If the curve caused by injecting the standard 
was slightly lower than that caused by injecting the extract, a 
larger amount of the standard was given. And if this in turn 
resulted in a curve slightly higher than that of the extract, the 
intermediary value of the standard was taken as corresponding 
to that of the extract. 

The results of the determinations made by the physiological 
process and by the colorimetric method are given in the follow- 
ing table. 








O. Folin, W. B. Cannon and W. Denis 483 


TABLE II. 


Epinephrine as determined (A) colorimetrically (B) by its effect on the blood 
pressure. 


TOTAL EPINEPHRINE EPINEPHRINE BY 
KIND OF SUPRARENAL GLAND WEIGHT OF GLAND BY COLORIMETRIC ELLIOTT’S BLOOD 





METHOD PRESSURE METHOD 
grams mgm. mgm. 
ie ha ae 2.25 5.2 
Shee 4 
candndh:  Comeentoren 3.07. 4.6 5.0 
: _ Ae: | 3.16 6.1 6.2 
Sheep (2) / | : = 
diadieni Cope 2.99 5.6 5.6 
| “Sper 2.66 5.2 5.0 
Sheep (: j va 
6s dee Cee 2.66 5.0 5.0 
ORE Se 1.17 2.2 2.3 
et ua eeies 1.02 2.2 2.5 
Le EE cide: 11.69 35.0 37.5 


It should be stated in connection with the above figures that 
Cannon, who made the physiological test, did not know the values 
obtained by the colorimetric test, nor did Folin and Denis know 
the values obtained by the blood pressure process until all the 
figures were ready for comparison. 


ADDENDUM. 


It is worthy of note that incidental experiments have proved 
that the method here described is sufficiently delicate, when ap- 
plied to blood taken from the adrenal veins, to give a stroncer 
color reaction after stimulation of the splanchnic nerves than be- 
fore. Thus to the various physiological evidences that splanch- 
nic stimulation excites secretion of the adrenal glands is added 
chemical evidence. 
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NEPHELOMETRY IN THE STUDY OF PROTEASES AND 
NUCLEASES. 


FIRST PAPER. 
By PHILIP ADOLPH KOBER. 
(From the Harriman Research Laboratory, Roosevelt Hospital, New York, 
N. Y.) 
(Received for publication, December 1, 1912.) 


INTRODUCTION. 


The author in studying ferments, required a method which 
would reveal, quickly and accurately, any change in the activity 
of the ferment during the course of an investigation. The follow- 
ing method, which is based on the use of a nephelometer, intro- 
duced into analytical chemistry by Richards,'! seems to meet those 
requirements. 

The following four requisites can be given for a good method 
of estimating proteases.” 

1. The substance used for a substrate should be a protein. 

2. The protein should be soluble in the solution of the ferment, 
in distinction to a reaction between phases. 

3. Any and all unchanged protein should be completely precipi- 
table by a convenient reagent. 

4. This undigested protein should be determinable, accurately 
and quickly. 

A suitable protein for peptic digestion is edestin,’? owing to its 
solubility in weak hydrochloric acid solution. Casein‘ is well 
adapted for tryptic digestion, owing to its solubility in weak alkali 


1T. W. Richards: Zeitschr. f. anorg. Chem., viii, p. 269, 1895; Richards 
and Wells: Amer. Chem. Journ., xxxi, p. 235, 1904; Richards: ibid., xxxv, 
p. 510, 1906. 

2 The subject of suitable units for proteases will be discussed in the 
near future. 

3’ Fuld and Levison: Biochem. Zeitschr., xi, p. 473, 1907. 

4 Gross: Arch. f. exp. Path.. |viii, p. 157, 1907. 
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solution, and yeast nucleic acid in dilute solutions isesimilarly 
adapted for the study of nucleases. 

Edestin® is easily and quantitatively precipitated as edestan 
from its acid solution by 12 per cent sodium chloride solution. 
Casein can be completely thrown down by a weak acetic acid solu- 
tion and other precipitants, while yeast nucleic acid can be ren- 
dered wholly insoluble by a slight excess of hydrochloric acid. 

By using the specially devised nephelometer (easily made from 
the Duboseq colorimeter) described below, one can determine the 
amount of any undigested substance which is precipitated in the 
form of a suspension by these reagents, and thus follow the diges- 
tion of edestin with pepsin, of casein with erepsin and trypsin, 
etc., and yeast nucleic acid with nucleases quantitatively, with 
an error of less than 2 per cent. As a study of precipitants for 
casein and for yeast nucleic acid is still in progress the results on 
edestin only will be given in this paper. 


METHOD. 


(a) Description of the instrument and its construction. 


As the nephelometer described by Richards yields its best 
results only on taking a large number of readings (from ten to 
twenty),® and since for ferment work so much time for readings 
is objectionable, an improvement was highly desirable. 

A similar instrument of greater accuracy, one that yields reliable 
results with a few readings comparable to those obtained with a 
Duboseq colorimeter, would greatly enhance the value of the 
nephelometer for physiological chemists. No doubt the Richards 
instrument sufficed for the purpose for which Richards designed 
it and therefore efforts to improve it were heretofore superfluous. 
Since, however, the instrument is not desired now to yield a cor- 
rection to some other analytical process, but to form the basis 
of the analytical process itself and to yield all the figures of the 
determination, greater accuracy is required. 


’T. B. Osborne: Journ. Amer. Chem. Soc., xxiv, p. 28, 1902. 

6 As stated in a private communication to the author, the Richards in- 
strument rarely departs more than 4 per cent from the true value on a 
single reading; the mean of these readings is within 2 per cent; but to attain 
accuracy within 0.5 per cent, many readings are needful. 
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Without going into the various considerations connected with 
the improvement of the nephelometer, it is sufficient to say that 
the optical workmanship of the Duboscq colorimeter proved to 
be an excellent basis on which to build a nephelometer, and the 
following therefore represents an attempt to obtain greater accu- 
racy.’ 

The change from colorimeter to nephelometer, and vice versa, 
can be made in a few minutes with the simple, easily made addi- 
tions described below. As most laboratories have a Duboseq 
colorimeter, an additional useful instrument can be produced in 
this way with little expense. 

The essential differences between the new and the older nephel- 
ometers are as follows: 

1. In the new instrument, a plunger changes the height of 
liquid under observation. 

2. A shutter supplements the action of the plunger in cutting 
off the amount of light. 

3. The new nephelometer eliminates three possible sources of 
error: the meniscus, the indirect reflection of light from suspended 
matter in the lower part of the tubes, and the reflection of light 
from one tube to another. 

4. The dark shade reduces any error due to the reflection of 
light on the eyepiece. 

5. The new instrument is more adaptable to daylight. 

6. Less liquid is needed for a test, 6 cc. being the maximum 
amount needed. 

7. The instrument is inclined, so as to make observations more 
convenient, and to prevent air bubbles from forming when the 
plungers are first introduced into the liquid. 

The accompanying drawing, for which I am indebted to Mr. 
Sugiura, shows clearly enough the arrangements without much 
further description. 


The tubes containing the liquid can be made from soft glass having a 
bore of 15.2-0.3 mm. by anybody having a little skill in glass blowing. 

The nephelometer shown here was made by the author, without any 
special tools or skill, from small packing-box boards. 

7 Judging only from the readings with the new nephelometer, greater 
accuracy was obtained but as both instruments were not compared by the 
same person under similar circumstances, this statement needs further 
confirmation. 
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The essential points are: 
1. The sides of the glass plungers are given several coats of black asphal- 
tum paint, leaving the circular ends clean, with sharp and well-defined 
edges. This change can be made permanent, as it does not interfere with 
the use of the instrument as a colorimeter. 

2. A removable wooden partition, fastened to a wooden bottom plate 
as shown in the drawing, is fitted to the instrument. This partition 
serves, not only as a guide for the two shutters, but prevents reflection of 
light from one tube to another. 

3. The shutters which are held to the plunger brackets by a spring clamp, 
are made of the same material, and serve to eliminate stray reflections. 

4. The tube holder, which is fastened below the metal base, by means 
of two rubber bands, contains two holes which receive the bottoms of the 
tubes. 

5. The eyepiece is inclosed in a wooden or paper box, with an opening 
sufficiently large to admit a man’s head, 

This eyepiece, as well as all other wooden additions, is covered with black 
asphaltum paint. 


(b) General considerations. 


As has been mentioned the instrument can be used with day- 
light, but for accurate work this light varies and is not always 
sufficiently constant. Reliable results are obtained with a 100 
watt ‘ Mazda” lamp,$ placed, well-screened, about one-half meter 
from the nephelometer. 

To use the instrument for quantitative work, it must be care- 
fully standardized with solutions of known strength, keeping the 
instrument under the exact lighting arrangements as in actual 
work. The amount of light observed in the eyepiece, as pointed 
out by Richards and by Wells is not proportional to the weight 
of the precipitate under observation, but seems to be dependent 
to some extent on the condition of the precipitate, the concentra- 
tion or amount of substance per cubic centimeter and the height 
and thickness of the liquid. 

If a standard solution is always used in the same way, 7.e., the 
same concentration and the same height of the liquid in the nephel- 
ometer, then the readings obtained with ‘unknown’ solutions, 
plotted against the ratios of the solution, will follow with con- 
siderable accuracy, a definite and regular curve as may be seen in 


§ I am indebted to Mr. W. F. Brady, Vice-President, New York Edison 
Company, for placing at my disposal a generous supply of different size 
tungsten lamps. 
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i Nephelometric Curve 
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FIGURE 2. 


figure 2. This curve, as may also be seen, is considerably Jower 
than the “hypothetical” curve where the readings are inversely 
proportional to the concentration of the solutions. Richards and 
Wells assumed that when solutions of the same height gave the 
same amount of light, the ratios of the solutions were unity, and 
that around this ratio the “hypothetical” curve was correct. 
This is shown to be true by the curves in the chart within 1.5 
per cent when the ratios are within 10 per cent of unity. It was 
therefore necessary, for Richards and Wells, to adjust the volume 
of their solutions, until the ratios were within this limit. 
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In the following work with edestin a scheme is presented which 
practically eliminates this adjustment of volumes. 
The curve in figure 2 can be expressed in the following equation. 


(l—x)K 


s 
x x 





y= 


where y = height of ‘‘unknown”’ solution, z = ratio of solutions 
and s = height of standard solution. | 

By s is meant the reading of the nephelometer with the standard 
solution used as an “unknown,” or, in other words, when the ratio 
of the solutions is unity. This serves to eliminate any errors due 
to faulty light, tubes, plungers, etc. 

Where K = a constant, obtained by substitution of standard- 
ization values. 

Therefore, if once the value of K is derived for any given stand- 
ard solution and height of the standard solution, the nephelometric 
readings will give at once, upon calculation, the ratio of the solu- 
tions, and thus no further adjustment® of volumes is necessary. 

When the K obtained with one height of standard solution is 
compared with that of another height, it is found that K is pro- 
portional to the height of the standard solution, the equation then 
becomes for any heights of liquids within moderate limits. 

s(l—ax)k 


9 


8 
y=- 
x zw” 


where k = x 
§ 

One has, therefore, the choice of using either one or more stand- 
ard curves and getting the ratios directly from a curve (as in 
figure 2), without calculation, or taking any suitable standard, 
adjusting either or both heights of liquids until the amount of 
light is matched, and obtaining the ratios by substitution in the 
nephelometric formula given above. A more convenient form 
when expressed in terms of y, is 





8 + sk + V (s a sk)? — 4sky 
2y 





® Of course, it is assumed that solutions which differ from a standard 
solution very much as may easily be observable macroscopically, will 
require, as in colorimetric work, a more suitable standard. 
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when s is kept constant at 14.96 as in the curve, figure 2, and when 
K or Sk has a value of 1.8 the equation becomes 
_ 16.76 + V 280.9 — 7.2y 


Hs 





2y 


Edestin ratios. 















































10 2. , 15 20 35-5 3% 30 9 
5 5 5 5 2 5 eS g * 5 
RATIO RATIO RATIO RATIO RATIO RATIO RATIO 
ha 0.882 0.750 0.600 0.545 0.500 0.428 
7] y y | y y y y 
14.9 16.7 19.2 | 23.1 24.9 2.3 | 288 
14.9 | 16.8 19.3 23.0 24.6 25.9 | 29.5 
15.1 16.5 | 19.2 22.9 25.0 26.0 | 28.7 
15.1 16.6 | 19.1 23.4 24.83 | 2.0 | 28.5 
4 14.9 16.64 | 19.1 23.0 (average 26.0 28.7 
i 15.0 average, 18.9 22.6 | 26.0 | 28.6 
15.1 19.0 22.8 26.1 | 28.5 
| 15.0 18.9 22.8 26.04 | 29.0 
3 15.0 (19.0) | 23.1 average| 28.8 
7 15.0 19.0 22.7 | 29.0 
4 15.0 19.1 23.2 | 28.81 
ft 15.0 19.2 23.2 | average 
15.0. i8.9 | 23.0 | | 
; 14.9 °° 19.3 23.3 | 
" 14.9 19.3 | 23.0 
: 14.9 19.2 | 22.9 
i 15.0 19.2 23.00 
a 14.9 19.4 | average | 
i" 15.0 19.13 
“ 14.9 average | 
a | 
; 15.1 | | | 
: 14.9 | | 
i 15.0 | | 
; 14.9 | 
15.0 | | | 
14.9 | | 
: 14.9 
q 15.1. 
; 14.96 
average 
*s = 15.0 
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The table on p. 492 gives the values obtained with edestin when 
5 ec. of a 0.01 per cent solution, diluted with 10 ec. of sodium chlo- 
ride reagent, was used as a standard. 

The numerator of the fraction indicates the number of cubic 
centimeters of the reagent which was used to dilute the protein 
solution: the denomfnator indicates the number of cubic centi- 
meters of 0.01 per cent edestin solution used. The third row of 
figures indicates the calculated ratios. The figures in columns are 
interlined to indicate the number of readings per solution. The 
average of all the figures of a column is given at the foot of each 
column, and is also indicated by crosses in figure 2. As may be seen, 
down to the ratio 0.50 they follow the curve quite satisfactorily, 
but beyond this ratio they deviate slightly, owing to a factor that 
is produced by a difference in the height of the liquids. In actual 
work this may easily be eliminated by following the curve of 
observed readings, or by choosing a more comparable standard. 
It may also be taken into account in calculating the ratios, as illus- 
trated in the following paragraphs. 


This factor that causes the nephelometric readings to be slightly too low, 
especially when the ratios are below 0.500 and when the per cent of edestin 
of any of the solutions is below 0.0033 per cent, is due to the fact that even 
pure water will produce some light in the eyepiece. This arises, no doubt, 
from imperfections of the apparatus, it being very difficult to exclude all 
stray reflection of light. The equivalent of this amount of light is esti- 
mated by making a control determination on pure water, using a 0.0005 
per cent solution of edestin as a standard. Under the conditions given in 
this paper, 28.0 mm. of pure water matched a 0.0005 per cent solution of 
edestin at 5.4, 4.7, 4.5, 4.8, and 5.7 mm. = 5.0 mm. average. Assuming 
this proportion to hold for all heights of distilled water, we find that 23 mm. 
of water will give the same amount of light as 5.0 mm. of 0.0005 per cent 
edestin (excluding the amount of light from its 5 mm. of water; thus 28.0 
— 5.0 = 23.0 mm.) and therefore 1.0 mm. of water = 0.21 mm. of 0.0005 
per cent edestin. Hence, when very weak solutions are determined, care 
should be used to see that control corrections are applied, or eliminated 
by careful standardization. 


In order to test the general applicability of the nephelometric 
formula given above, other heights of solutions and ratios than 
those covered in the curve were used as is shown in the table below: 
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5.9 0.500 0.571 0.504 
9.9 17.6 0.500 0.562 0.493 
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0.500 0.563 0.494 
8 0.500 0.550 0.488 
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5.2 | 27.5 | 0.500, 0.554 0.472 
15.2 26.8 | 0.500 0.568 0.4¢9 
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5 | f 5 | 28.9 | 0.300 0.450 
11.1 5.0 12.3 0.300 0.451 0.284 
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2.1, 10.0 24.6 0.300 0.450, 0.282 
31.7 | 0.300) 0.456 










pure H,O 5.2 | 28.0 
4.8 28.0 
| 


¥ Ps hu inc <P ie ....| 0.306:0.452 0.282 











{ These results are sufficient to show that by the use of either 
q the formula within moderate limits or curves prepared from three 
q or four sets of reatlings, one can use the nephelometer for the 
determination of suspended protein and organic substances with 
the accuracy and with the ease with which the best colorimetric 
work is done. 
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Since this nephelometric formula seems to hold for a protein of 
high molecular weight, it was of interest to try its application to 
argentic chloride suspensions. In order to avoid the corrections 
necessary when very weak solutions are compared, as indicated 
above with edestin, relatively strong solutions were used. 





STANDARD ‘‘UNKNOWN”’ 
4é,)) “" 
z 

THEO- FOUND 
RETICAL IF 
. | ad ~=- 
0.00572 | y 
per cent 

AgCl 


2y 


AND k = 0.21 
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$6490 ee,,t? 


s+sk+ v (s +sk)?—4sky 
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15.0 


5.0 
15.1 | 
15.0 | 
15.0 | 1.00. 

15.0 | 23.8 | 

23.8 | 

23.6 | 

23.5 | | | 

23.7 | 0.500 0.633) 0.500 


23.9 

23.9 

23.9 | 

23.9 0.500 0.628} 0.491 


0.001432 0.001432 
per cent per cent 
AgCl AgCl 


10 10 15.0 15.1 
15.0 
15.0 


15.0 | 


23.6 
23.4 
23.5 | 
23.5 
23.5 | 0.500, 0.638) 0.509 
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As may be seen from the results with argentic chloride the 
nephelometric formula holds for considerable variations in con- 
centrations; the strongest solution being eight times as strong as 
the weakest, or a ratio of 0.125. It is probable that when cor- 
rections are made, especially for the weaker solutions, the result 
4 will be still more consistent with the formula. It is to be noted 
| that these experiments give kagc; = 0.21 and kepesny = 0.12. 
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(c) Solutions and reagents. 


Edestin solutions were made as follows: 

1. Stock solution: 0.1000 gram of Merck’s edestin, weighed 
accurately in a 50 ec. beaker, was moistened with sufficient water 
to make it possible to rub the substance into a paste. After thor- 
ough rubbing, 3 ec. of +4 hydrochloric acid was added which dis- 
solved all but a trace of the suspended substance. After allowing 
the solution to settle for an hour, it was filtered through a well- 
washed filter paper into a clean, 100 cc. graduated flask. This 
' was done to prevent foreign particles and fibers of filter-paper from 
ti getting into the solutions. On bringing the solution up to the 
: mark, adding a few drops of chloroform, shaking and allowing it 
to stand for twenty-four hours, it was ready for use. 

2. Standard solution: 10 ec. of this stock solution were diluted 
to 100 ee., thus making it a 0.01 per cent solution. One volume 
4 of this standard solution, with one, two or more volumes of 1-3 
P NaCl solution gave suitable standards for nephelometric work. 
These standards will remain as suspensions one or more hours 
4 depending on the dilution. In the work given above a fresh stand- 
ard was made for every determination. 

3. Precipitant for acid edestin or edestan: (1-3) NaCl solution. 

a. Stock solution: A saturated solution of sodium chloride. 

4 b. Reagent. (1-3) NaCl: One volume (250 ce.) of saturated NaCl 
; solution, with three volumes of water (750 cc.) was found to give 
q satisfactory results in precipitating the edestan completely. 


RY Re OAC A ye) gape <a a OR ay 


BLM 
me a ie Me ert he art nr 


ee cape sok eS 





Pes? 


- 
% 
4 
« 
¢ 
re] 
Fi a: 
4 
> 
ib 
AS 
he 
8 


AE 


(d) Directions. 


For precipitating substances. Thus far, satisfactory results have 
been obtained by adding the precipitant drop by drop from a 
‘ carefully standardized burette to the standard solutions contained 
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in a beaker or small Erlenmeyer flask. Test. tubes should be 
avoided as it is difficult to shake the solution properly, without 
adding a stopper or introducing minute air-bubbles into the solu- 
tion. An Erlenmeyer flask or beaker shaken in a rotatory fashion 
gently is most satisfactory. 

The tubes may be cleaned and dried with alcohol and ether, or 
any other suitable way so long as no dust or lint is thereby intro- 
duced. 

For reading the instrument: The plunger, being painted with 
asphaltum paint, obviously cannot be cleaned and dried with 
alcohol and ether; but may be rinsed with some of the liquid to 
be examined, or may be wiped carefully with a lint-free cloth or 
lens paper. To use the instrument, it is well to insure proper 
working conditions by putting into both tubes some standard 
liquid and comparing the heights. If the readings are consistent 
and practically equal on both sides, one may presume the light- 
ing arrangements and other parts are in proper adjustment. 

The following suggestions were helpful in obtaining good results. 

1. The instrument was kept in a separate room, where all the 
lights could be extinguished at pleasure. 

2. After the tubes containing the suspensions were in position, 
the room was darkened completely for a few minutes, to rest the 
eyes. Using the instrument directly after coming from a well- 
lighted room produced inferior results. 

3. Both eyes were kept open in reading the instrument. This 
was easily accomplished with the shaded eyepiece, and produced 
less strain. 

4. It was found advisable not to make the adjustments too rap- 
idly or too constantly in order to avoid inaccuracies due to eye- 
strain. The final adjustment was made only after relaxing the 
eyes for a few minutes. The eyes were used alternately, the ap- 
proximate adjustment was made with one eye and the final always 
with the other. 

5. When much nephelometric work was done necessitating going 
to and-from a strongly lighted room, often, smoked glasses were 
found restful and advantageous. 
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SUMMARY. 


I. A micro-chemical method for following the digestion of a 
soluble protein, edestin, based on the use of a nephelometer is 
given. 

II. A new and sensitive nephelometer, easily made from and 
into a Duboscq colorimeter is described. 

III: The readings of the nephelometer plotted against the ratios 
of the solutions, for a given standard solution and a given height 
of standard, seem to follow a uniform curve which can be expressed 
in the equation y = _ - se where y = height of “unknown” 
solution, s = height of standard solution, x = ratio of solutions. 

The studies of various precipitants for protein and other organic 
substances in dilute solutions are in progress with the view of 
extending the application of this method generally. The ease, the 
rapidity and the accuracy of the method would make it very use- 
ful, if the proper precipitants can be found. By proper dilution 
it can be used for large amounts of substances, and is sensitive 
enough to determine 0.00002 gram with a percentage error of less 
than 2 per cent. The determination of casein in milk and the 
estimation of minute quantities of ricin are receiving immediate 


attention. 





THE PREPARATION AND PROPERTIES OF A COMPOUND 
PROTEIN; GLOBIN CASEINATE. 


By T. BRAILSFORD ROBERTSON. 


(From the Rudolph Spreckels Physiological Laboratory of the University of 
Galifornia.) 


(Received for publication, December 2, 1912.) 


I have elsewhere pointed out! that the investigations of Hardy? 
indicate that the proteins in blood sera are united to form a com- 
plex which, we may imagine, bears a somewhat similar relation to 
the individual proteins which constitute it as the proteins bear to 
the polypeptides out of which they are constructed, and I have 
furthermore suggested that the biochemical and immunological 
specificity which is displayed by animal fluids and tissues may 
possibly be attributable, directly or indirectly, to the existence of 
these complexes. 

The only compounds of proteins with one another which have 
so far been isolated and studied in detail are those which the 
various protamines form with such proteins as egg albumin, gelatin, 
hemi-elastin, casein and edestin.? These compounds are formed on 
bringing the two proteins together in weakly alkaline (ammoniacal) 
solution (Kossel). Gay and Robertson have pointed out, however, 
that it is necessary to have present an excess of the protamine 
component, otherwise the compound does not readily flocculate.* 
Hunter describes clupeine caseinate, which may serve as a type of 
these compounds, as being insoluble in cold and very slightly soluble 
in hot water, somewhat soluble in dilute acids and readily precipi- 


1 T. Brailsford Robertson: Univ. of Calif. Publ. Physiol., iv, p. 25, 1911; 
Die physikalische Chemie der Proteine, Dresden, 1912, p. 126. 

2W. B. Hardy: Journ. of Physiol., xxxiii, p. 251 (Appendix), 1905. 

3 A. Kossel: Deutsch. med. Wochenschr., vii, 1904, cited after A. Hunter: 
Zeitschr. f. physiol. Chem., liii, p. 527, 1907. 

4F. P. Gay and T. Brailsford Robertson: Journ. of Exp. Med., xvi, p. 
479, 1912. ~ 
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tated from these solutions by ammonia. It is soluble in salt 
solution. On digestion with pepsin-HCl, the casein moiety under- 
goes hydrolysis, depositing paranuclein, while the protamine moiety 
remains unhydrolyzed. In all of the compounds of clupeine with 
various proteins which Hunter investigated, the combining weight 
of the protamine was always considerably smaller than that of the 
other component of the compound. Thus 2.5 parts of casein com- 
bine with 1 part of clupeine to form clupeine caseinate, while the 
compound of clupeine with edestin contains no less than 8.5 parts of 
edestin by weight to every one of clupeine. 

Globin is generally considered to be a member of the histone 
group of proteins,® and, according to Kossel,® the histones are built 
up around a large protamine nucleus to which they owe their 
pronounced basic qualities. One might anticipate, therefore, that 
globin would behave analogously to the protamines and form 
similar compounds with the less basic proteins. 

I find that if casein dissolved in dilute alkali be mixed with excess 
of globin, similarly dissolved in dilute alkali, a coagulum-like pre- 
cipitate results which would appear, by its behavior, to be a com- 
pound of globin with casein, analogous in many respects to the 
protamine caseinates. The method employed in preparing this 
substance in bulk was as follows: 

The globin was prepared from ox-blood corpuscles by a method 
which I have described in detail elsewhere in this number.’ The 
preparation employed in these experiments (designated Prepara- 
tion II in the communication cited) is somewhat tinged with hae- 
matin and yields somewhat deeply colored, brown solutions (in 
2 per cent concentration). The casein was Eimer & Amend’s 
C. P. Casein ‘nach Hammarsten,” specially purified by a method 
which has been described elsewhere.* 

In preliminary experiments it was found that, in order to bring 
about the formation of a precipitate in a globin-casein mixture, 
it was necessary to avoid the presence of an excess either of casein 


5 Fr. N. Schulz: Zeitschr. f. physiol. Chem., xxiv, p. 449, 1898. 

§ A. Kossel and F. Kutscher: Zeitschr. f. physiol. Chem., xxxi, p. 165, 1900; 
A. Kossel and H. Pringle: ibid., xlix, p. 301, 1906; A. Hunter: loc. cit. 

7 T. Brailsford Robertson: this Journal, xiii, p. 455, 1913. 

8 T. Brailsford Robertson: Die physikalische Chemie der Proteine, Dres- 
den, 1912, p. 32. . 





T. Brailsford Robertson 501 


or of alkali. Rough estimations led to the impression that, given 
a favorable alkalinity,® the proportion of globin to casein should 
be about 2 to 1 in order to secure a maximum yield of the precipi- 
tate. 

Globin (1.5 grams per 100 cc. of solvent) dissolves extremely 
slowly in *5 or ss KOH solution, while it readily and completely 
dissolves in ;5 KOH and the concentration of KOH may then be 
reduced to go by the addition of HCl, while stirring, without caus- 
ing any permanent precipitate to appear.!° On the other hand, if 
two and a half volumes of a 1.5 per cent solution of globin in s5 
KOH be added to one volume of a 2 per cent solution of casein in 
0.016 n KOH (neutral to phenolphthalein), no precipitate is 
obtained because the excess of alkali dissolves the globin case- 
inate, while, if two and a half volumes of a 1.5 per cent solution of 
globin in 4; KOH be added to a similar solution of casein, a copi- 
ous precipitate results. Accordingly, in preparing the compound 
it is advisable to dissolve the globin in a slight excess of alkali, 
and neutralize a portion of this alkali before mixing the solution 
with the solution of casein. 

Three hundred and fifty ec. of 7 KOH were diluted to 1200 ce. 
and 20 grams of globin were dissolved therein. When solution 
was complete (one to two hours) 150 ec. of 4; HCl were added to 
the mixture while stirring. A clear brown solution was thus 
obtained. 

Ten grams of casein were dissolved in 500 ec. of 0.016 nN KOH. 
These two solutions were then mixed, the mixture diluted to 7 
liters by the addition of distilled water, thoroughly shaken, and 
then allowed to settle in tall glass cylinders over night. The super- 
natant fluid was then decanted from the heavy brownish coagulum- 
like precipitate, which became more granular in the subsequent 
washings. The decanted fluid was very opaque and obviously 
contained much finely suspended protein material. 

The precipitate was washed by decantation in 40 liters of dis- 
tilled water in six successive washings. The final washings were 
perfectly clear. It was then washed in 10 liters of absolute alcohol 


9 A slight excess of alkali readily redissolves the precipitate. 

10 Analogous phenomena are displayed by casein and other proteins. 
Cf. T. Brailsford Robertson: Die physikalische Chemie der Proteine, Dres- 
den, 1912, p. 70. 
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in two successive washings, collected upon a hardened filter, 
washed with 2 liters of ether within an incubator over H:SO, 
and dried in the incubator at 37°C. for twenty-four hours. It was 
then pulverized and sifted and returned to the incubator and dried 
over H,SO, at 37°C. for three days. The substance was thus 
obtained in the form of a coarse brownish-gray powder, the yield 
being 7.5 grams. 

The phosphorus in two 1-gram portions of this material was 
determined by von Wendt’s modification of Neumann’s method" 
with the following results: 





PER CENT OF 
PHOSPHORUS 


NUMBER OF SAMPLE | MGM. P2Os 1n 1 GRAM 








Si al a an ee cal ce | ) | 0.313 
vind acon dc a sunk ude aa | 6.86 | 0.300 
is incense eiivese | 0.306 


The percentage of phosphorus in casein is 0.887," hence the 
proportion of casein contained in this preparation of globin case- 
inate is 34.5 per cent. 

This preparation of globin caseinate is readily soluble in dilute 
alkalies, yielding brownish solutions, and in dilute acids, yielding 
light-colored solutions. It is not soluble in distilled water, and 
the globin caseinate is precipitated from alkaline solutions by neu- 
tralization with acid. Excess of acid, even of acetic acid, redis- 
solves this precipitate, thus indicating very clearly that the casein 
is not present as such in a condition of mechanical admixture. 
Globin similarly is precipitated from alkaline solutions by neutrali- 
zation, but that the properties of the globin have been very materi- 
ally modified by combination with casein is shown by the excess 
of acetic acid which is necessary in order to redissolve the precipi- 
tate which occurs upon neutralization. Thus, to 43 ec. of an ap- 
proximately 1.25 per cent solution of globin caseinate in 7 KOH, 
+ acetic acid solution was added slowly. After adding 19 cc. 
the substance still remained in solution, then a precipitate began 
to appear, which still persisted until over 65 cc. of the acid solution 


1G. von Wendt: Skand. Arch. f. Physiol., xvii, p. 217, 1905. 
120. Hammarsten: A Tezt-book of Physiological: Chemistry, trans. by 
J. A. Mandel, 6th Ed., New York, 1911, p. 615. 
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had been added, when a very opaque light-colored solution was 
obtained. To 43 cc. of a 1.25 per cent solution of globin (Prepara- 
tion II, cf. above) acetic acid was similarly added, a permanent 
precipitate had already appeared after the addition of 16 cc. of the 
acid solution, and 25 cc. sufficed to completely redissolve it. I 
continued adding > acetic acid until 65 cc. had been added. A 
clear brown solution was obtained. 

It is clear, therefore, that by the union with casein the basic 
qualities of globin have been decreased and its acid function en- 
hanced. Globin caseinate is held in solution by a smaller excess 
of alkali than that required to hold the same amount of globin 
in solution, while a greater excess of acid is required to carry globin 
caseinate into solution than to carry globin into solution. On the 
other hand, the acid qualities of casein have been diminished and 
its basic function enhanced by the union with globin, for no excess 
of dilute (¥ or more dilute) acetic acid solution will carry any 
casein into solution; a stronger acid, such as a mineral acid, is 
required. It is evident that in these respects the properties of 
globin caseinate are intermediate between those of globin and those 
of casein. 

The solution of globin caseinate in dilute acetic acid does not 
deposit any precipitate even on standing at 55°C. for twenty-four 
hours. It does, however, yield a precipitate on boiling for two 
or three minutes, and this precipitate does not redissolve on cool- 
ing; it is not a coagulum of heat-denatured protein, for it is soluble 
in dilute alkali. It is probably, therefore, casein, and we may 
conclude that globin caseinate is decomposed into its components 
by boiling in dilute acid solution. 

To 70 cc. of each of the above solutions of globin caseinate and of 
globin, respectively, in dilute acetic acid were added 5 cc. of a 1 
per cent solution of Griibler’s pepsin puriss. sicc., and the mixtures 
were placed in an incubator at 37°C. After two hours a very 
slight flocculent precipitate had appeared in the globin solution 
and a dense granular precipitate in the globin caseinate solution 
which left the supernatant fluid clear. After twenty-four hours, 
the dense precipitate in the globin caseinate digest had completely 
redissolved and in each mixture there remained only the slight 
flocculent precipitate first noted in the globin digest. The dense 
precipitate in the globin caseinate digest cannot have been para- 
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nuclein resulting from partial hydrolysis of casein, for paranuclein, 
once precipitated in peptic digests, does not redissolve as digestion 
proceeds. Hence we may conclude that in all probability it 
was casein, and that the first stage in the action of pepsin upon 
globin caseinate is to decompose it into its components—globin 
and casein—which subsequently undergo hydrolysis separately. 

The globin caseinate digest, after twenty-four hours’ digestion, 
contained no casein either combined or uncombined with globin, 
as it yielded no precipitate on boiling. 

The following table of comparative precipitation reactions dis- 
plays certain respects in which the behavior of globin caseinate 
resembles or differs from that of casein or of globin. The solutions 
employed were all 2 per cent solutions in 4; KOH. A + indicates 
precipitation (or coagulation) and a 0 indicates no precipitation or 
coagulation: 

GLOBIN 


REAGENT GLOBIN CASEINATE CASEIN 


Dilute acetic acid (cold).............) 
Dilute acetic acid (boiling)...........) 
Half saturated Am.SO, 

Four volumes of absolute alcohol... . 
Trichloracetic acid 

5 per cent NaCl 

Half saturated NasSO,............... 
kee a ee aD 0 

(+ on heat- 
ing in the 
presence 
of excess 
of the salt) 





I prepared 2 per cent and 1 per cent solutions of globin caseinate 
in 7s KOH and determined the refractivities of these solutions and 
of KOH at 16° in a Pulfrich refractometer, reading to within 
1’ of the angle of total reflection. A sodium flame was the source 
of light. The following were the results obtained. The values 
headed a are calculated from the formula n — n; = a X c, where 


18 Lubavin: Hoppe-Seyler’s Med.-Chem. Untersuch., Berlin, 1866, p. 463; 
A. Kossel: Verhandl. d. Berl. physiol. Gesellsch.; Arch. f. (Anat. u.) Physiol., 
1891, p.181; T. Brailsford Robertson: this Journal, iii, p.95, 1907. 
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n is the refractive index of the solution, n; that of the solvent and 
cis the percentage of protein in the solution. 


| m = REFRACTIVE INDEX 


eaten OF SOLUTION AT 16°C. ° 


aR OIE s Seager es 1.33552 


1 per cent globin caseinate..... 1.33711 | 0.00159 + 0.00008 
2 per cent globin caseinate.... . 1.33879 — 0.00164 = 0.00004 





A duplicate set of determinations yielded identical results. 


In order to assign to each observation its due weight in deter- 
mining the average value of a for each of these preparations, it is 
necessary to add together the observed values of n — mn for the 
two solutions and divide this sum by the sum of the concentrations 
employed (= 3). Proceeding in this way “ we obtain: 


a = 0.00162 + 0.00005. 


Now the value of a (= change in refractive index of solvent 
due to 1 per cent of protein) for casein is 0.00152," while the value 
of a for globin is 0.00169. Hence if the refractivity per gram per 
100 ec. of solution of globin caseinate were the algebraic sum of the 
separate refractivities of its components, since, as we have seen, 
globin caseinate contains 34.5 per cent of casein, the value of a 
for globin caseinate should be: 


2 
34.5 X oe X 0.00169 _ 0.00163 


which is identical, within the experimental error, with the value 
experimentally ascertained. 

I have elsewhere shown’ that the refractivity of the mixed 
(or combined) proteins of blood sera is equal to the sum of the 
refractivities of the separate constituent proteins, and, as I have 
stated, there is much reason to believe that these proteins are 
bound together to form a compound protein complex. We may 


14T, Brailsford Robertson: Die physikalische Chemie der Proteine, Dres- 
den, 1912, Chapter 13. 

16'T, Brailsford Robertson: Journ. of Physical Chem., xiii, p. 469, 1909. 

16'T. Brailsford Robertson: this Journal, xiii, p. 462, 1913. 

17T, Brailsford Robertson: this Journal, ix, p. 179, 1912. 
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therefore conclude that the refractivity of a compound protein is an 
additive function of the refractivities of its components. 


CONCLUSIONS. 


1. Globin caseinate may be prepared by mixing two parts by 
weight of globin with one part by weight of casein, each in faintly 
alkaline solution. 

2. Globin caseinate in aqueous solution displays properties 
intermediate between those of globin and casein, indicating that 
the acid function of globin is enhanced by union with casein and 
the basic function of casein by union with globin. 

3. Globin caseinate is not decomposed by dilute acetic acid in 
the cold. It is decomposed into globin caseinate by the action of 
boiling dilute acetic acid or by a brief action of pepsin in the pres- 
ence of dilute acetic acid. 

4. The change in the refractive index of 4% KOH due to the 
introduction of 1 per cent of globin caseinate is 0.00162 + 0.00005. 

5. The refractivity of a compound protein is an additive func- 
tion of the refractivities of its components. 





ON NUCLEASES. 


THIRD PAPER. 


By P. A. LEVENE AnD F. B. La FORGE. 


(From the Laboratories of the Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, December 4, 1912.) 


It was demonstrated through the work of Levene and Jacobs! 
that, compared with purine ribosides, the pyrimidine ribosides 
possessed a much higher resistance towards the hydrolytic action 
of mineral acids, and on the basis of this property a method was 
devised for the isolation of pyrimidine bodies. It was later shown 
by Levene and Medigreceanu? that a similar difference existed be- 
tween the two classes of ribosides in regard to their behavior 
towards certain enzymes. Thus it was found that nucleosidases, 
which hydrolyzed the purine derivatives, remained without ac- 
tion on the pyrimidine bodies. In a previous work by* the 
present writers the fact was brought to light that the difference in 
the behavior of the two classes of substances towards dilute min- 
eral acids can be removed by the reduction of the pyrimidine base 
in the pentoside to the corresponding dihydropyrimidine. Thus, 
while uridine was resistant to boiling with dilute aqueous mineral 
acids, dihydro-uridine behaved under these conditions similarly to 
inosine, or adenosine, or to any other glucoside. 


NH—CO—NH 
H H H | | 
CH; (OH)‘C -C—C—CH-—C = CH-—CO 
| OH OH | 
———-—()——- 4 
Uridine, 


non-hydrolyzable by dilute acids. 





1 Levene and Jacobs: Ber. d. deutsch, chem. Gesellsch., xliii, p. 3150, 1910 
2 Levene and Medigreceanu: this Journal, ix, p. 65, 1911; ix, p. 389, 1911. 
§ Levene and La Forge: Ber. d. deutsch. chem. Gesellsch., xlv, p. 608, 1912. 
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hydrolyzable. 







7 H H H | | 
t. CH, (OH)—C —C—C —CH — CH —CH,.—CO 
: OH OH 

if ——_() = 

i Dihydro-uridine, 


Thus, dihydro-uridine was shown to ppssess a chemical structure 
in every way analogous to other nucleosides, and hence presented 
a convenient medium for the study of the specificity of nucleo- 
sidases. Thus, if it were possible to find tissue extracts which 
: would hydrolyze the nucleosides of one group and failed to decom- 
pose the substances of the other group, this find would contain the 
proof of the existence of specific enzymes capable of acting on 
nucleosides of only one definite group. In reality it was found 
that the tissue that possessed the most pronounced action on the 
purine nucleosides remained without action on dihydro-uridine, and 
as yet it is impossible to find an enzyme capable of hydrolyzing 
either the original uridine, or dihydro-uridine. Hence, the mech- 
anism by which the organism brings about the dissolution of 
pyrimidine nucleosides is as yet undiscovered, but it is made cer- 
tain that individual nucleosidases possess a limited specific activity. 

















EXPERIMENTAL PART. 





, In the experiments here recorded the extract of the intestinal 
i mucosa was used as an enzyme solution. It was prepared in the 
manner described in the papers by Levene and Medigreceanu. 

The activity of the extract was tested on adenosine solution and 
on dihydro-uridine. The presence or absence of hydrolysis was 
ascertained by the changes in the optical activity of the solution 
in different intervals after the beginning of the experiment and by 
the power of the reaction product to reduce Fehling’s solution. 
J The solutions of enzyme and nucleoside were made up to con- 
tain one per cent of Henderson’s phosphate mixture. 

Toluene was used as antiseptic in all experiments. 

Experiment 1. (a) About 0.4 gram of dihydro-uridine was dis- 
solved in 7.0 cc. of water, 1.0 cc. of a 10 per cent Henderson’s 
phosphate mixture and 2.0 cc. of the enzyme solution were added. 



















P. A. Levene and F. B. La Forge 









~0.50° i 


Original rotation, [a], = 
= —0.50° 


After 24 hours, [a] 













(b) 4.0 cc. of a cold saturated aqueous solution of adenosine 
were diluted with 0.5 cc. of a 10 per cent phosphate mixture and 
0.5 ec. of the enzyme solution. 




















Injtial rotation, 


[a] = —0.45° 
After 24 hours, = 


la]> —0.20° 





(ec) 1.0 ec. of Henderson’s phosphate solution + 2 cc. of en- 
zyme solution and 7 ce. of water. 









+0.05° 
+0.05° 


Initial rotation,  [a}, 
After 24 hours, fa], 














The dihydro-uridine solution gave very slight reduction on pro- 
longed boiling with Fehling’s solution. An increase in the reduc- 
ing power at the end of the experiment could not be noticed. The 
adenosine solution showed no reduction at the beginning of the ex- 
periment and a marked reduction at the end. 

The enzyme solution had no reducing power. 

Experiment 2. (a) To 5 cc. of a 25 per cent solution of dihydro- 
uridine was added 0.5 ec. of the enzyme solution. 













Initial rotation, a, = —3.82 (+0.02) 
After 48 hours, a, = —3.88 (+0.02) 









(b) Enzyme solution did not possess any appreciable optical 
activity. 

(c) About 1.0 gram of adenosine was suspended in 20.0 cc. of 
1 per cent phosphate mixture and 2.0 cc. of enzyme solution, 
since a part remained insoluble it was not possible to measure the 
optical rotation of the substance. The action of the enzyme solu- 
tion on adenosine was ascertained by the reducing power of the 
solution on Fehling’s solution. 

The dihydro-uridine showed no change in reducing power be- 
fore and after enzyme action. 

Adenosine solution possessed no reducing power on Fehling’s 
solution at the beginning of the experiment and a very marked 
reduction after forty-eight hours. 

The enzyme solution showed no reducing power either at the 
beginning or at the end of the experiment. 























THE BIOCHEMISTRY OF THE FEMALE GENITALIA. 


II. THE LIPINS OF THE OVARY AND CORPUS LUTEUM OF THE 
PREGNANT AND NON-PREGNANT COwW.! 


By JACOB ROSENBLOOM. 


(From the Laboratory of Biochemistry of the University of Pittsburgh, 
Pittsburgh, Pa.) 


(Received for publication, December 4, 1912.) 


Introduction. The biochemistry of the female genitalia is a 
subject of which practically nothing is known. This paper con- 
tains the data of a study of the lipins of the ovary and of the 
corpus luteum of the cow in pregnant and non-pregnant condi- 
tions. 

Methods. The desiccation of the material, extraction of the 
lipins and the chemical analyses were carried out according to 
the methods described in a former paper* with the addition that 
the cholesterol and cholesterol esters were determined by the 
excellent method of Windaus. 

The table on the following page contains the results obtained 
in this investigation. 

Conclusions. 1. Data are presented showing the percentages of 
lipins, phospho-lipins, neutral fat, fatty acids and cholesterol in the 
ovary and corpus luteum of the cow in the non-pregnant state and 
in the pregnant state. 

2. The results indicate that there is practically no increase in 
the above mentioned substances during pregnancy in the cow. 


1A preliminary account of the investigation was published in Science, 
XXXiv, p. 222, 1911; Biochem. Bull., i, p. 115, 1911. 

2 Most of the analytic data presented in this paper were obtained while 
working in the Laboratory of Biological Chemistry of Columbia University 
at the College of Physicians and Surgeons. 

’ Hanes and Rosenbloom: Journ. of Exp. Med., xiii, p. 355, 1911. 
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THE FATE OF PROLINE IN THE ANIMAL BODY, 


By H. D. DAKIN. 


(From the Herter Laboratory, New York.) 
(Received for publication, December 9, 1912.) 


Since nothing appeared to be known as to the fate of proline 
in the animal body, it seemed desirable to make some experiments 
in the hope that some light might be thrown upon the changes 
which this amino-acid may undergo. 

As a first step in the investigation, observations were made on 
the behavior of proline when added to blood used for perfusing a 
surviving dog’s liver, using essentially the method which has been 
so successfully applied by Embden, and secondly, an examination 
was made of the influence of proline on the glycosuria and acidosis 
of dogs under the influence of phlorhizin. 

Proline, when added to blood used for perfusing a surviving 
dog’s liver, leads to no increase in the normal formation of aceto- 
acetic acid, nor is the acetoacetic acid excretion of glycosuric ani- 
mals markedly increased by the administration of proline. It is 
clear, therefore, that proline is not to be classed with phenylala- 
nine, tyrosine or leucine in having acetoacetic acid for a common 
catabolic path. 

On the other hand, administrations of proline to the glycosuric 
animal was found to result in a marked increase in sugar output, 
so that it would appear that proline should be grouped with glu- 
tamic and aspartic acids, alanine and glycine, all of which have 
been shown by Lusk,' Ringer and others to be capable of furnish- 
ing glucose. 

The formation of glucose from proline must necessarily involve 
disruption of the ring and it is of interest to recall the similarity 
in structure of the amino-acids, proline, glutamic acid and orni- 


1 Zeitschr. f. physiol. Chem., |xvi, p. 106, 1910. 
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thine, each of which has five carbon atoms. Glutamic acid has 
been shown by Lusk to be capable of sugar formation in the glyco- 
suric animal and preliminary experiments by the writer indicate 
that arginine and hence ornithine also possesses this property. It 
would appear, therefore, that-these three amino-acids are closely 
related both structurally and in the changes they may undergo 
in the animal body. 





CH,.NH:2 COOH 


F CH: \. CH, CH, 
[NH | | 
iJ om, 7“ CH: CH; 
a | 
‘ | | | 
A: CH CH.NH, CHNH: 
: | | | 
a COOH COOH COOH 
Proline Ornithine Glutamic Acid 



















Liver perfusion experiments. 





The proline used in the following experiments was obtained 
from gelatin in the usual way. It was purified by repeated solu- 
tion in alcohol, conversion into the crystalline copper salt and 
decomposition of the latter with sulphuretted hydrogen, followed 
by careful recrystallization. About two-thirds of the product was 

| the racemic variety and one-third optically active. 

a The experiments on the effect of adding proline to blood used 

7 for perfusion of a surviving liver were made in the same way as 
in the case of experiments previously reported.” 





VOLUME OF 
- ‘i WEIGHT OF “ TIME OF ACETOACETIC 
AngeS Soeera DOG sar oad PERFUSION ACID FORMED 





kgm. ce. minutes mgm. 
2 grams proline........ 9 950 45 49 


2 grams proline........ 11.5 1000 50 44 
1009 






* Average of several experiments. 








2 This Journal, ix, p. 139, 1911. 
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Experiments with diabetic animals. 


The customary experimental conditions carefully worked out by 
Lusk, in which a starving dog, rendered as free from glycogen as 
possible, is made fully diabetic by the administration every eight 
hours of phlorhizin dissolved in sodium carbonate, were not 
chosen for the following experiments. The reason for this is that 
a markedly increased acetoacetic acid excretion is apt to follow 
immediately the administration of the alkaline phlorhizin solu- 
tion. This acetoacetic acid excretion may almost completely dis- 
appear after a couple of hours and then reappear on a subsequent 
injection of the alkaline solution. This tends to make the aceto- 
acetic acid output irregular. 

More suitable experimental conditions seemed to be offered by 
the method of phlorhizin administration described by Coolen*® to 
which my attention was drawn by Professor Lusk. It is found 
that if a single gram of finely powdered phlorhizin suspended in 
7-8 ce. of olive oil be injected aseptically under the skin of a dog, 
a glycosuria of remarkable intensity and duration is produced. 
In the starving animal a Dextrose: Nitrogen ratio of approxi- 
mately 3 is quickly established and remains substantially constant 
for several days. 

A convenient method of experimenting appears to be as follows: 
A dog is given a gram of phlorhizin in olive oil and starved for 
forty-eight hours. A second gram of phlorhizin is then given and 
a trial determination of the D: N ratio is subsequently made. 
A third gram of phlorhizin is then given on the following day and 
the urine for the “fore-period” is then collected by catheter, 
washing the bladder out with warm 2 per cent boric acid solution. 
It is essential that the D : N ratio of this urine should not vary 
greatly from the preliminary trial, as it is useless to proceed with 
the administration of the amino-acid until a constant ratio has 
been established. The proline in each case was administered by 
subcutaneous injection of a concentrated aqueous solution. 

The acetoacetic acid and acetone estimations were made by the 
customary iodine method. Glucose was determined by the gravi- 
metric Fehling method and the results confirmed by polarimetric 
observation. 


3 Arch. de pharmacodynamie, i, p. 267, 1895. 
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Experiment I. Weight of dog, 10 kgms. 


ACETO- 
TOTAL D ACETIC ACID 
NITROGEN | GLUCOSE | 7 RATIO | iNcLUDING | 


| ACETONE | 


PERIOD HOURS SUBSTANCE GIVEN 


1 gram phlorhizin. - 
II j 3. & | 21.20 | ; _ 0.072 | 1 gram phlorhizin. 
10.2 gms. proline 

fe 1.24 gm. N. 


III 2 | 6.94 | 26.13 76 | 0.042 
| (1 gm. phlorhizin. 





IV | 20.13 | 3.13 | 0.103 


Experiment II. Weight of dog, 6 kgms. 
SSE SENSES RIES ae 
| | 1 gram phlorhizin. 
2.73 7.28 _ 0.302 | 1 gram phlorhizin. 
| | { 10.03 gm. proline 
4.11 14.62 | ' 0.348 |; = 1.22 gm. N. 

| 1 gm. phlorhizin. 
2.47 6.88 | 4a 0.475 | 
| | on | 


| | ie : x : | 





In the first experiment, adopting a D: N ratio of 3.1, it is 
found that using Lusk’s method of calculation, an extra glucose 
excretion ‘of about 8 grams was observed to follow the adminis- 
tration of 10.2 grams of proline. In the second experiment, adopt- 
ing D : N = 2.7, 10.03 grams proline gave ‘extra glucose’’ cor- 
responding to about 7 grams. Lusk‘ found an excretion of 13 
grams of glucose to follow the administration of 20 grams of 
glutaminic acid, so that it would appear that a molecule of glu- 
tamic acid or proline may furnish approximately the same amount 
of glucose. 


* Amer. Journ. of Physiol., xxii, p. 176, 1908. 











SEASONAL VARIATION IN THE IODINE CONTENT 
OF THE THYROID GLAND.! 


BY ATHERTON SEIDELL anp FREDERIC FENGER. 


(From the Hygienic Laboratory, U. S. Public Health Service, Washington, 
D. C., and the Research Laboratory in Organotherapeutics, 
Armour and Company, Chicago, Ill.) 










(Received for publication, December 10, 1912.) 





The numerous results which have so far been published upon 
the iodine content of the thyroid gland indicate a very consider- 
able individual variation among animals even of the same species. 
It would therefore be expected that a seasonal variation in the 
iodine content could not readily be detected by analyzing com- 
posite samples of glands from a limited number of animals col- 
lected at various seasons of the year. In fact experiments along 
this line made by one of us? using thyroids from dogs and from 
sheep confirmed this conclusion. More recent determinations 
given in a paper by N. H. Martin’? have shown that composite 
samples of thyroids collected throughout the year from sheep 
slaughtered at Newcastle-on-Tyne, England,.varied comparatively 
little in their content of iodine. A striking feature of the results 
however was the uniformly small size of the glands and the rela- 
tively high percentage of iodine. 


















1 The results described in this paper are the outcome of an effort which 
was inaugurated by Dr. Reid Hunt of the Hygienic Laboratory to fix a 
standard for thyroid used in medicine. This need has been recognized by 
the Committee of Revision of the Pharmacopoeia and so far a tentative 
description of this product and a proposed iodine content of 0.2 per cent 
has been adopted. In gathering data for this proposed pharmacopoeial 
description several manufacturers generously supplied samples and infor- 
mation regarding the preparation of their products. Additional points 
arose and it appeared desirable to obtain further data upon the thyroid, 
particularly of animals other than sheep. Towards this end, therefore, 
coéperation between Armour and Company and the Hygienic Laboratory 
was secured and the results presented in the following pages were obtained. 
2 Seidell: this Journal, x, p. 95, 1911. 
3 Brit. and Colonial Druggist, lxii, p. 99, 1912. 
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The experiments to be described in this paper were undertaken 

particularly to ascertain the extent of the variation in the iodine 
content of composite samples of the thyroids of animals used as 
food by man, rather than with the expectation of finding a sea- 
sonal regularity in this variation. The need of data of this char- 
acter is evident since in the production of a thyroid preparation 
of constant physiological activity a knowledge of the variation in 
the iodine content of the thyroid glands which constitute the 
raw material for the manufacture of the drug is essential. Among 
other things, the results here shown demonstrate that a continued 
restriction of the source of pharmacopoeial desiccated thyroid to 
the glands of the sheep would make practically impossible the 
production in the United States of a drug of 0.2 per cent iodine 
content for all but a short period of the year. 

The samples which furnish the material for the present paper 
were prepared from thyroid glands obtained in all cases from 
animals shipped to the Union Stock Yards in Chicago from prac- 
tically all parts of the United States except the eastern and south- 
eastern States. In this way it can be inferred that local influences 
have been eliminated to a very large extent and the samples 
represent the average yield of nearly the whole country. The col- 
lection of the raw material and the preparation of the samples 
from it was carried out under the personal supervision of one of 
the writers in the following manner: About 2.5 pounds of healthy 
normal sized glands from adult sheep, beef and hogs were collected 
on Tuesdays and Thursdays of each week and stored at freezing 
temperature. At the end of two weeks the combined approxi- 
mately 10-pound sample of glands from each of the three species 
of animals was freed from connective and other tissue by care- 
fully trimming the individual glands by hand. The material was 
then finely minced and dried to constant weight at 50°C. on 
agate-ware trays. Grease was then removed by extraction with 
petroleum ether in a Soxhlet apparatus and the sample ground 
to a fine powder. The first eight samples of each series were 
ground by hand in a Wedgewood mortar to pass a 40-mesh sieve. 
All the other samples were ground in a small ball mill to pass a 
100-mesh sieve. Of the thoroughly mixed powder composing each 
sample two portions of about 25 grams each were withdrawn; 
one to be retained in Chicago for analysis and one sent to the 
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Hygienic Laboratory in Washington. The determinations of the 
iodine were made by the one of us in Chicago from time to time 
as the samples were collected and independently by the other in 
Washington after all of the samples had been received. The 
Hunter method was used for both sets of determinations and the 
results which were obtained in each case were not communicated 
to the other party until both sets of determinations had been 


TABLE I. 


Sheep thyroids. Showing the percentage of iodine and moisture in dried thyroid 
glands of the sheep collected at bi-weekly periods during one year. 


SAMPLE NO. AND MID-DATE eee en as PERCENT |, Me ot ny 
OF ITS BI-WEEKLY CoL- = |___” : 


__.| MOISTURE LOST 
LECTION PERIOD AT 97.5° LATED TO DRY 


Seidell Fenger | BASIS 








1911 
September 1....... 0.133 
September 16...... 0.148 
October 1 0.178 
October 14 0.181 
October 28 0.211 
November 11 0.235 
November 25 | 0.219 
December 10 0.176 
December 24 0.196 

1912 
January 7 0.166 
January 21 0.112 
February 4 0.123 
February 18 0.160 
March 3 | 0.044 
March 17 0.104 
March 31 0.092 
April 14 0.062 
eet a = 
gS 0.065 
OS eee 0.038 
(SEGRE SES 0.130 
aR yi, 0.249 
PN FRG ba aed 3 0.294 

| 0.188 
August 4 | 0.185 
August 18 0.235 


~j 


0.138 
0.155 
0.183 
0.185 
0.219 
0.257 
0.238 
0.189 
0.210 


SEss 
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1 
2 
3 
4 
5 
6 
7 
8 
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eSes22S322° 


I © 


0.181 
0.123 
0.134 
0.163 
0.048 
0.108 
0.093 
0.068 
0.089 
0.072 
0.042 
0.144 
| 0.278 
300 | 0.335 
19 | 0.221 
. J 0.209 
3 4 | 0.262 
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4A. Hunter: this Journal, vii, pp. 321-349, 1910. 
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Beef 
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thyroids. 


TABLE II. 


Showing the percentage of iodine and moisture in dried thyroid 


glands of the beef collected at bi-weekly periods during one year. 


SAMPLE NO. AND MID-DATE 
OF ITS BI-WEEKLY COL- 


OWONHP ar wd = 


completed. The duplicate series of results are given in tables I, 
II and III and they furnish very gratifying evidence of the reli- 
ability of the Hunter method when applied independently by two 
analysts to quite a large number of samples. 
that variations of more than 0.02 per cent iodine occur only among 
An explanation of these 


LECTION PERIOD 


1911 | 
September 1.......| 
September 16...... 
8 een | 


November 25...... | 
December 10....... 
December 24....... 
1912 
sonmary 7. ........ 
January 21........ 
February 4........ 
February 18....... 
March 3...........| 
ks Se 
March 31.......... 
[gee 
cc wn seeks 
NE tas % eck ai es 
= Se 
I is woah aint 
ae 
tS BS org 
Pia ececees 
Ament 4... 5. .5.. 


August 18......... 


PER CENT OF IODINE AS 
DETERMINED BY: 


Seidell Fenger 
0.277 0.30 
0.307 | 0.31 
0.240 | 0.25 
0.327 | 0.36 
0.303 | 0.35 
0.332 | 0.35 
0.225 | 0.25 
0.200: | 0.22 
0.123 | 0.14 
0.101 | 0.11 
0.045 | 0.04 
0.026 | 0.03 
0.107 | 0.10 
0.053 | 0.05 
0.0388 | 0.04 
0.059 | 0.06 
0.068 | ~° 0.08 
0.069 0.07 
0.072 | 0.08 
0.09 | 0.10 
0.130 | 0.14 
0.170 | 0.19 
0.288 | 0.29 
0.298 | 0.30 
0.267 0.27 


the first eight samples of each series. 


cases appears to be that these samples as mentioned above were 
coarsely ground and all the others were very finely ground and 
certainly most thoroughly mixed. 


0.310 0.31 





. PER CENT 
MOM TURE LOR | ocrnD 30 DRY 
3.16 0.286 
2.05 0.314 
0.66 0.242 
2.34 0.335 
1.40 0.308 
8.15 0.361 
7.24 0.243 
7.80 0.217 
6.15 0.131 
7.69 0.109 
9.44 0.050 
8.41 0.028 
0.80 0.108 
7.63 0.058 
3.88 0.040 
1.38 0.060 
9.71 | 0.075 
3.14 | 0.071 
9.33 | 0.079 
10.42 0.106 
10.58 0.145 
11.17 0.192 
13.38 0.332 
11.12 0.335 
13.48 0.308 


It will be noted 
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TABLE III. 


Hog thyroids. Showing the percentage of iodine and moisture in dried thyroid 
glands of the hog collected at bi-weekly periods during one year. 














PER CENT OF IODINE AS PER CENT 
rE BO Ame MD ATS | SNDETERMINGD BY: | yotRS SENT, | soomsn catcv- 
LECTION PERIOD Seidell Fenger AT 97.5° ‘ ne 
1911 | | 
1 September 1....... 0.528 | 0.56 0.55 0.531 
2 September 16......) 0.434 | 0.46 1.20 0.440 
S Goer f.......... 0.416 | 0.45 0.50 0.418 
4 October 14......... | 0.411 | 0.44 3.83 0.428 
5 October 28......... | 0.381 | 0.41 0.99 | 0.385 
6 November 11...... 0.273 | 0.30 11.34 0.308 
7 November 25...... 0.318 | Oo | 7.74 0.344 
8 December 10....... 0.305 0.33 6.99 0.328 
9 December 24....... 0.337 | 0.34 7.00 0.362 
1912 | | | 
10 January 7......... 0.275 | 0.29 7.70 | 0.298 
11 January 21........ 0.165 | 0.19 8.40 | 0.180 
12 February 4........ 0.173 | 0.18 8.95 | 0.190 
13. February 18....... 0.219 | 0.21 2.23 | 0.224 
14 March 3........... 0.147 | 0.16 | 8.15 | 0.160 
15 March 17.......... 7s i o48 + 8. |  o8@ 
16 March 31.......... om | of .| 1.0 | 0.10 
W ee 45088. 0.232 om. | 8@ | off 
18 Agel @........... 0.255 | 0.26 | 1.37 0.259 
19 May 12............ 0.244 | O25 | 8.78 0.268 
30 Mar @s............ 0.285 | 0.28 | 10.82. 0.320 
Oe” Bee. oS 0.29 | 0.31 | 10.28 0.328 
i ee 0.344 | 0.385 | 11.92 0.391 
Rs 2 css wit 0.341 0.34 | 11.49 0.385 
i , err 0.301 | 0.31 | 10.21 0.335 
25 August 4.......... 0.398 | 0.39 | 13.97 0.463 
26 | 11.01 0.428 


a fe 0.381 0.41 


Before discussing the results of the iodine determinations in the 
samples, the following data upon the weight and size of the glands 
at the various seasons should be given. At the beginning of the 
experiment there were no particular reasons for suspecting a sea- 
sonal variation in the size of the gland, consequently the weights 
and number of glands in the several lots prepared for the iodine 
determinations were not taken. The averages here shown are 
therefore based upon figures obtained from time to time by count- 
ing out and weighing certain numbers of glands. These results 
are as follows: 
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AVERAGE WEIGHT IN GRAMS PER SINGLE 
THYROID GLAND COLLECTED IN 











| Summer and Fall | Winter and Spring 
Sheep........ | 5.5 8.5 
er eo 25.0 60.0 
aie RE I Bees | 9.0 9.0 





By comparison of the above results for sheep and beef glands 
with the diagram showing the seasonal variation in iodine con- 
tent it will be seen that for the portion of the year during which 
the iodine content is lowest, namely, December to May, the size 
of the gland is greatest. It therefore follows that this seasonal 
change in iodine content and size of the glands accords with the 
frequently made observation that in general an inverse proportion 
exists between the size of the glands and the iodine content. 

An examination of the results as recorded in the accompanying 
tables and diagram shows that, although fluctuations from a regu- 
lar trend of seasonal change occur, these are small in comparison 
with the total differences in iodine content between the high and 
low season. Furthermore, the results show that the seasonal vari- 
ation nearly coincides in the three species of animals studied. 
The average iodine content for the months of June to November 
is in general about three times that for the months of December 
to May. The maximum and minimum date for each of the three 
animals can not be selected with certainty, but in so far as can 
be judged from the diagram the high point for the hog comes 
first, that is early in September, for the beef it is early in October 
and for the sheep early in November. The fluctuations from the 
regularity of the curves are no doubt due largely to the individual 
variations in sex, age, diet, etc., among the animals, the thyroid 
glands of which form the composite sample in each case. 

In a study of this kind it is manifestly impossible to follow the 
change in iodine content which takes place from month to month 
in the thyroid of an individual animal. The best that can be 
done is to use large numbers of animals and ascertain the average 
iodine content at a particular period of the year. This, however, 
involves averaging the very wide individual variations which are 
known to occur. Hence to overcome the effect of the individual 
variations it is necessary to use very large numbers of animals. 
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Results obtained in this way can at best show only a general 
average change which takes place, and the extent of the elimina- 
tion of fluctuations will depend largely upon the number of glands 
represented by each composite sample. In the present experi- 
ment, in which 10 pounds of fresh glands were used for each 
sample, it appears that the divergence of the several points from 
the smooth curves, which were drawn as nearly as possible to 
represent the average of all the points in each series, is about as 
great in one case as in another. Since the total weight of glands 
was approximately the same for each sample, and the average 
weight of the individual glands from the three animals varied, 
the actual number of animals represented by each sample evi- 
dently differed considerably, being greatest with the sheep and 
least with the beef. This would therefore indicate that since the 
averages of a smaller number of beef glands showed no greater 
fluctuations than the averages of a larger number of sheep glands, 
the individual variation among sheep glands is probably some- 
what greater than among the beef glands, but this point can of 
course not be definitely concluded. 

For the sake of comparison the results communicated by Mar- 
tin® are also shown in the diagram and it will be noted that even 
with these there is a faint indication of a seasonal variation in 
harmony with the results upon American animals. In the case of 
the English sheep it is seen that the percentage of iodine during 
the whole year is much above that for the United States sheep 
even for the portion of the year during which it is highest. It 
may therefore be concluded that the geographical or climatic con- 
ditions which are the apparent cause of the high iodine content 
of the thyroid of English sheep are of sufficient intensity to over- 
come almest entirely the tendency towards the diminution of 
iodine content at the particular season of the year at which a 
lowered iodine content is shown by the present data to occur in 
the United States. 

The determination of the moisture and ash in the present series 
of samples was made as follows. One gram of each sample was 
placed in a weighed porcelain crucible of about 15 cc. capacity, 
and the whole series of samples dried in a water bath at approxi- 


5 Loc. cit. 
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mately 97.5°C. for fifteen hours. It was shown by separate experi- 
ments that even less than this length of time’ was sufficient to 
dry thyroid samples to constant weight. The loss in weight hav- 
ing been ascertained and calculated as moisture, the crucibles 
were placed, in groups of 10 each, in a small muffle furnace pre- 
viously heated to redness. The complete incineration of the 
organic matter required about one half an hour. 

In regard to the variations in the percentage of moisture as 
shown in the tables, it should be mentioned that during the prep- 
aration of the samples it became necessary to store quite a few 
of the sets in covered tin pails after extracting the fat and before 
powdering. This coarse and very porous material evidently 
reabsorbed moisture while standing in the pails and retained it 
during the grinding. 


The individual ash determinations are not reported herewith since it 
was found that silicious material worn from the inner surface of the ball 
mill was present in the inorganic residues obtained. The proportion of ash 
varied with the time of grinding necessary to reduce the samples to powder 
of the requisite fineness. Analyses of it indicated the presence of more 
than 30 per cent of silica. The results therefore do not show the true ash 
content of the several thyroids but only the inorganic content of material 
prepared under particular conditions. In the case of the samples prepared 
between May 15 and July 15, it was necessary to discontinue the 6-hour day 
periods of grinding, and run the mill during the night for 15-hour periods. 
These samples are therefore averaged separately and as compared with 
the averages obtained upon samples ground in a Wedgewood mortar, 
and in a ball mill for six hours, show strikingly the effect of the longer 
period of grinding. 


Percentage of ash. 


AVERAGE OF 13 AVERAGE oF 5 








r Fe ae eth SAMPLES GROUND 8AMPLES GROUND 
| ‘nr emekeeeen | _ S0memEaIN IN PORCELAIN 
Fac MORTAR BALL MILL FOR 6 | BALL MILL FoR 15 
HOURS HOURS OR LONGER 
per cent | per cent per cent 
Sheep thyroids............| 3.11 5.47 12.82 
J 
Beef thyroids............. 3.32 5.86 8.40 


eee 2.69 4.66 6.58 
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SUMMARY. 


It has been shown that a very marked seasonal variation exists 
in the percentage of iodine present in the healthy normal sized 
thyroid glands of the sheep, beef and hog. There is in general 
about three times as much iodine present in the glands in the 
months between June and November as in the months between 
December and May. 

A seasonal variation in the size of the fresh glands was ohserved 
in the case of the sheep and beef but not with the hog. The 
glands were found to be larger during the months in which the 
lower iodine content was observed. 

The independent iodine determinations made upon this series 
of samples furnish gratifying evidence of the reliability of the 
Hunter method. 

The maintenance of a standard of 0.2 per cent iodine in desic- 
cated thyroid prepared for use in medicine will require the use 
of glands other than those of the sheep and, in addition, the mix- 
ing of the product obtained at the high and low seasons of the 


year. 
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